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INTERNATTONAL PASSAMAQUODDY
. ENGINEERING BOARD

~ INVESTIGATION OF INTERNATIONAL
PASSAMAQUODDY TIDAL POWER PROJECT

APPENDIX 4
BASIC HYDROLOGIC DATA

;~01 PURPOSE

This appendix presents the hydrologic data esgential
to the. sbtudies of the proposed international Passamaguoddy
tidal power project and the auxiliary river and pumped-
storage power developments, The locations of the river and
pumped-gstorage sites in relation to the location of the pro-
posed tidal plant is shown on plate h=l,

h-go'z SCOFER

The basic hydrologic data reported on in this appendix
include observed and computed tables of stages, stream flow,
and water loss data; stage=discharge relationships; computed
unit hydrographs; area-capaciiy curves; oubline of drainage
areas, ponding areas, and stream profiles; and the location
of and approximate yield of fresh water for construction and
operation activities.

L~03 TIDAIL, POWER BASIN

2. Tributary Areas. The area trihutary to each pool of
the proposed tidal power project is indicated on plate =2,
The total area includes the watersheds of the Magaguadavic,
Digdeguash, St. Croix, and Dennys Rivers as well as numerous
other small streams, The area also includes some islands and
portions of the shore line not directly associated with any
stream system., The land surface is composed of gently rolling
lowlands with numerous lakes of varying sizes and a few higher
hills along thé divides between the watersheds, Most of the
area 1s composed of undeveleped and cutover timberlands, and
less than one<tenth of the area is utilized for agricultural
activities such as dairying, poultry, or blueberry crops.. The
major portion of the population is concentrated in a few com-
minities along the coast or in the lower St, Croix valley.

The aversge ammual precipitation is about L0 inches and is -
" fairly well distributed throughout the year, The average
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annual snowfall varies from gbout 70 inches along the

coastal area to almost 100 inches in the inland portions,
Average monthly bemperatures vary from between 60° and 67° ¥,

in July and Avgust to between 10° and 20° F, in January and
February. Extreme temperatures range from a high of 102° F,

to a low of 4i® F, below zero. The average anmual temperature
is about 41® F, The daily maxismm and minimm temperatures
during Decenber, January, and February for the period from
Degember 1935 through January 1951 are showm graphically on
plate Li=3 together with the monthly maximum and average measure-
ments of wind velocity. Sea water temperatures, measured during
the period December 1935 through March 1936 for various depths
of water near St., Andrews, New Brunswick are showm graphically
on plate he=l, . .

b. Fresh Water Inflow. The St., Croix River is the
largest stream emptying into the tidal project pools, draining
about 1L20 square miles or about 5L percent of the area trib-
ubary to the upper pools The U. S. Geological Survey publishes
records of li stations on this stream as listed in table L=1.
The anmual runoff for the station at Baileyville as summarized
in table L~2 averages 22,39 inches or 1,65 cubic feet per second
per square mile. The Water Resources Branch of the Department
of Northern Affairs and National Resources of Canada publishes
the runoff records of the Magaguadavic River, a tributary of
some 710 square miles discharging into the upper pool at Ste
George, The average annval riunoff of the Mzgaguadavie River
as measured at Elmeroft is 2,07 cuble feet per second per
square mile, Since the records at this station are available
only for intermittent periods since 1916, they were not used
in determining the fresh water inflow into the tidal project
pool areas, Fregh water inflow into the tidal power pool was
estimated by using the St. Croix River records,

ce Area=Capacity Curves. Arsa-capacity curves for the
upper and lower pocls of the tidal power project have been
prepared on the basis of the most recent field data available
and are shown on plates li=5, =6 and h=7, The following data
were examined and where applicable were used in the computa-
tion of the area~capacity curves:

(1) Topographic sheebs prepared in 1927-28 by
Dexter P. Cooper, Inc., to scale 1 inch = 00 feet and
1l inch = 1000 feet. Sheets were compiled from field surveys,
U, S, Coast and Geodetic Survey Chart No. 801, and quadrangle
mapse
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o (2) Field books of Cobscook Bay surveys prepared
by Dexter P, Cooper, Inc., 1926~27.

- (3) Two sets of aerial photogrgphs taken by U, S,
Coast and Geodetic Survey specmflcally for the tidal power
survey, scale 110,000, flown at approximately the time of
mean low tide and half tide on 30 September 1956. FPhotographs
wWere made on infrared film to produce a sharp contrast between
land and water areas.

() Topographic maps, seale 1:10,000, compiled by
the U, S, Coast and Geodetic Survey from aerial photographs
taken in May 1946.

{(8) Copies of above maps with mean low tide and

- half tide lines traced by U, S. Coast and Geodetie Survey from

30 September 1956 photographs. Deviations in feet between mean
low water and tide lines were indicated at interwvals along the

tide lines,

(6) Copies of the original hydrographic sheets,
scale 1:10,000, compiled by the U, S. Coast and Geodetic Survey
fromeleld surveys of 1887w90 and used as ba31s for their chart
© No, 801,

(7) Topographic sheets prepared by the Aero Survey
Corporation in November 1956, to scale 1 inch = L0O feet,

(8) Topographic quadrangle sheets, scale 1:50,000,
by the Department of Mines and Technical Surveys, Ottawa,
Ontario, Canada,

The processing of the data on shore bopography was
started by comparing Cooper's notes with his maps, His maps
had been produced from sounding notes, and the datum was mean
gea level, Mean high tide lines and general topography on
the 1946 U. S. Coast and Geodetic Survey sheets were then
compared with the 1887-90 sheets and with Cooperts sheets by
overlaying. The mean high tide lines agreed fairly well on
all sources, although the exact locations and extent of some
of the smaller islands differed. The locations and outlines

of these islands, as shown on 19h6 survey sheets, were veri-
fied by the 30 SepteMber 1956 aerial photographso Contours
above mean high tide as shown on 1946 U, S, Goast and Geodetic
Survey sheets were adopted, The low tide and mean tide lines
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from the 1956 U. S. Coast and Geodetic Survey infrared photo-
graphs were correlated with mean sea level. Contours. below

high tide were then drawn by comparing low and half tide lines
with Cooperts topographic sheets, Areas were determined by
planimetering the area bound.ed by each contour on each sheet.

From the area data derived in this manner wére computed elevation- .
area curves for the upper and lower pools for a number of possible
pool arrangements. From these were computed the elevation~capacity
curves which were used in the power computatj.ons. Shown on. plate
-5 are the area~capacity curves for the two=pool tidal project
layout for which specific designs and cost estimates have been
developed., Plates L6 and L=7 show the a.rea«-capacity curves

for the other tidal project layouts considered in Appendix 5
"Selection of Plan of Development!,

L0k PUMPED~STORAGE BASTNS

2o Digdegﬁash River,

(1) Tributary Area. The Digdeguash basin ‘a
176=square-mile. drainage area, forms.a part of the a.rea in
gouthern New Brunswick dra.ln:l.ng into Passamaquoddy Bay, the
upper pool of the proposed tidal project as shown on plate L-1.
The basin is long and narrow and is surrounded by rolling hills.
A map of the drainsge area, reproduced from the latest avail-
able Canadian quadrangle maps, together with a profile of the
river are shown on plate h=8, Whlch also shows the location of
the proposed pumped-storage plan'b near the mouth of the stream.
Mogt of the area is undeveloped timberland with scattered farms
and pasturelands. The average annual prec:.pitat:n.on is aboub
2 inches at MeAdam, New Brunswick, at the upstream end of the
drainage area, The monthly a.verage precipitation ranges from
about 3 to L inches with the maximmm occurring during the late
summer or fall months, Temperature extremes range from about
28° I, below Zero in winter to around 90" F. in .summer,

(2) Stream Flow Recordso There are no stream flow
records available for the Digdeguash River, and for this reason.
stream flow was estimated from records for other basins in the
vieinity, The Machias River basin ab Whitneyville, Maine with
a drainage area of 1457 square miles and flow records for the .
period 1906-21, and 1930-5l, and located about L0 miles south-
west of the Digdeguash River, was selected as the most suitalile
on the basis of a study of the basin characteristics and flow
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records of the streams in the vicinity. Monthly and annual
flows were estimated on the basis of drainage area proportion.
The Machias River amnual runoff and the computed Digdeguash
annual runoff are summerized in table h=3s The computed
average annual runoff was estimated to.be 265,000 acre~feet
(36L cofes. -average), The computed maximum annual runoff is
382,000 acre-feet and the minimum is 159,000 acre-feets Com-
puted peak daily discharges during each constructlon season,
June through Novenmber, for the period of record are summarized
in table li-lis The computed daily discharges for the flood of
Septenber 1951 (estimated to have a 10 percent chance of occur-
ring during any construction season) are tabulated in table L<5.
The daily discharges for the three maximum floods of record
(1920 1936, and 195L) are given in tables L~6 through L=8.
The peak flow rates have been increased by 10 percent to
account for the smaller size of the Digdeguash b381n¢

(3) Areawcapacity Curves. Area-capacity curves
for the reservoir site were determined from maps to a scale
of 1 inch =400 feet prepared by the Aero Service Corporation
in November 1956. These curves, shown on plate h=9, indicate
the total storage at el, 180 ftoimessds: to be 307,000 acre-
feet. Since the primary function of the ‘reservoir would be to
store energy from the tidal power project, .the storage capacity
of the reservoir was also computed in terms of energy expressed
as kilowati-hours,. The curve of the gtored energy above el. 5.0
ft. MeSsde shown on plate Lh=9 was ¢omputed on the basis of salt
water (6110 pounds per cubic foot); the storage volumes between
succeeding 10~fdot increments of elevation, and the head from
el., 5.0 to the' center of the 10-~foot 1ncrement being considered,

(L) Stapge-Discharge. The flow to and from the pumped-
storage plant would pass through the restricted natural passage
commecting Digdeguash River to Passamaquoddy Bay, The effect of
the restricted passage on the operation of the plant was evalu-
ated by computing water surface profiles for various rates of
uniform flow from and to the powerhouse for three arbitrary
elevations in Passamaquoddy Bay... The profiles were corputed
by standard backwater methods using channel cross sections
obtained from a survey made in August 1957 by the Eastport
Field Office of the U, S8...Corps of .Engineerss The stage-
discharge curves detérmlned by these water surface profiles
are shown on plate L=10s
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(5) Dnit Hydrograph., The pumped~-storage plant
being considered at the mouth of Digdeguash River would inelude
a rockfill dam with a spillway as developed in Appendix 11,
"Auxiliary Pumped-Storage Developments™s The design of the
spillway and dam involves consideration of a spillway design
flood which, in turn, involves consideration of a unit hydro-
graph, Because the stream has not been gaged, it was necessary
to develop the unit hydrograph by a synthetiec method, The
method used was based on a paper entitled "Unit-Hydrograph Lag
and Peak Flow Related to Bagin Characteristics™ by Arncld B,
Taylor and Harry E, Schwarz published in the Transactions,
American Geophysical Union, Volume 33, Number 2, April 1952Q
The paper presents the results of studies correlat:.ng peak flow
values and runoff relations to the basin characteristics,
Twenty basins in the Northern and Middle Atlantic States ranging
from 20 to 1,600 square miles in size were included in the study.
The pertinent characteristics of the Digdeguash River basin, as
determined from the latest available topographic sheets, were
found to fall within the range of basgin characteristies pre-
sented in the above paper. The synthetie unit hydrograph
developed for the Dipdeguash River basin on this basis is
shown on plate L=1ls

be OCalais Reservoire

(1) TIributary Ares. The Calais reservoir would drain
a small oval-shaped area of 19.3 square miles which is surrounded
by hills and ridges. The tobtal area would be about twice as
large as the reservoir itself, and the portion of the drainage
area which would not be occupied by the reservoir is undeveloped
tinberland. The drainage and reservoir areas are shown on
plate L=12. The climate in the Calais reservoir area is similar
to that of the Digdeguash River basin., Temperatures range from
about 95° F. in summer to about 23° F, below zero in winter.
The average monthly precipitation ranges from about 2.5 to L5
inches with a total annual average of about U3 inches,

(2) Stresm Flow. Streams in the drainage ares have
not been gaged and for this reason flow data wag esbimated from
the runoff data for the Machiag River at Whitneyville, Maine,

30 miles southwest of the Calais reservoir site, which was also
used for the Digdeguash basin studiess Average riunoff in ¢.f.s.
for each year from the Calais reservoir drainage area, computed
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on the basis of drainage area proportion, is given in table L=9,
This estimate was checked by comparing the runcff in inches
over the drainage area with the rainfall for the same years at
the U, S, Weather Bureau Station at Woodland, Maine, .32 miles
north of Whitneyville on the Machias basin, and with 39 years
of record. The land and reservoir losses so-compubed and given
in table L~9 closely approximated losses computed for other
streams in the region. This indicated that the Machias River
was representative of the streams in the region and suitable
for the area-proportion method for estimating the runoff from
other representative areas..

(3) Area-Capacity Curveses. Area-capacity curves of
the reservoir site were determined from the latest available
U, S Geological Survey quadrangle sheets; scale 1225,000,
These curves are shown on plate L-13.. Also shown is a ‘curve of
the stored . energy expressed as kilowatt-hours. As for the
Digdeguash River, the energy storage value represents the net
output of the pumping cycle, or the input of the generating
eycle,

(W) Stgg@-Dlschargg» The lower bay of the combine
ation powerhouse~pump station would be conjoined to the St.
Croix Riwer near its mouth. At this site, the state would be
the same as the stage in the upper pool of the t;dal power
project Passamaquoddy Bay.

=05 SAINT JOHN RIVER BASIN , S

a; Generalu. As developed in detail in Appendix 12,
"Auxiliary River Hydro Developments! three gites on the upper
Saint John River were considered for "the river power auxiliary
to the proposed tidal power plan@ . Of these the Rankin Rapids
“site was selected for developing a specific design and cost
estimate, The other possibilities studied included Big Rapids
site, and a comblnatlon of the Big Rapids and Llncoln School
sites. ‘

be Climate. The upper Salnt John Rlver basin (plate L-1)}
has a humid climate with short, cool summers.and long, cold
winters., Extreme temperatures range from h0° R bélow zero in
winter to over 100°.F. in summer; The average ‘afinual precipi-
tation for the upper basin ' is aboul 38. inches and ranges from
less than 31 to over 42 inchess The average monthly precipi-
tation ranges from about:2-to 5 inches. with the annual monthly
- maximum occurring during the -summer: months.. Winter preeipi-
tation is practically all in the form of snow'with ah annual
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average of about 100 inches. The snow accumilated by the

time of the spring breask-up may be equivalent to as much ag
six inches of water and is an important source, of stored water
that can be depended on’ each spiinge ‘

o Tributary Aréas. ‘The headwater areas of ‘the Saint
John River basin include numerous large lakes and extensive
swampy areas in the valleys between rolling hills., A drainage
area map is shown on plate h-1li, and a profile of the river is
shown on plate L-15, Drainage areas are tabulated in table L~10.

de Stream Flow Records. Stream flow records from the
following U, 5, Geological ourvey gaging stations were used in
the studies for the auxiliary river hydro developments; the
Saint John River at Dickey, and below Fish River at Fort Kent,
the Allegash River near Allagash, and Fish River near Fort .
Kent. These and other stations 1ocated in the basgin are
listed on table L=11 and indicated on plate h-1l, All sta-
tions are equipped with auntomatic water stage recordersland
their stage ‘discharge relationships are rated as good to
excellent, except under ice conditions, which are fair. The
ronthly records are tabulated on tables h~12 to h-lS for the
stations used in this study,

(1) Rankin Rapids. Discharge rates were determined
from U, S, Geological Survey records by drainage area propor-
tion utilizing the records of the Saint John River at Fort Kent
and Fish River near Fort Kenmt., The drainage area for Rankin
Rapids is 1,060 square miles, 'and at Fort Kent, located about
20 miles downstreamg it is 5 690 square miles, 1nc1uding the
Fish River drainage aves of g?l square miles as shown on
plate h~1L. The drainage avea and discharge of the Fish River
were deducted from those on the Saint John River at Fort Kent
and the ratio of the discharge at Rankin Rapids was assumed
to be in the same ratio as the drainage areas. The monthly
dlscharges for the period October 1929 through September 195
computed in this manner for Rankin Rapids are given in table
=164 The peak daily discharges for each construction season,
June through November, computed in the same manner are given
in table h-17, Daily discharge rates for the flood of November
1943 (1 in 10=year construction season) are given in table L-18,
Daily discharges during the three maximmm floods of record, May
1933, May 1939, and May 1947 are tabulated in tables L=19 to
hm21° Tsble h-22 lists observed stages and computed flow rates
at the dam site,




(2) Big Rapids. Discharge rates for the site were
computed from U. g. Geological Survey records by drainage area
proportion ubilizing the measurements on the Saint John River

at Fort Kent and Dickey, Fish River near Fort Kemt, and Allagash
River near Allagashs Big Rapids is about'3 miles upstream of
Dickey and 15 miles upstream of Rankin Rapids, and has a drain-
age area of 2419 square miles as shown on plate h-12. The

- discharge records at Dickey (2,700 square miles) were reduced
in proportion to the drainage area at Big Rapids. Since only
eight years of record at Dickey were available, these compue
tations were supplemented by using the records on the Saint

John River at Fort Kent, the Fish River, and the Allagash

River which are contimuous for from 23 to 28 years, The com~
pubed monthly discharges at Big Rapids for the period October
1931 through September 195L are given in table =23, Observed
stages and computed discharge rates at the dam site are given
in table L~-2h.

(3) Lincoln School. Stream flow was agsumed to be
controlled at Big Rapids, about 17 miles upstream of Lincoln
School, The total drainage area for Lincoln School and Big
Rapids is. about the same as for Rankin Rapids. - Therefore, the
uncontrolled. stream flow at Lincdln School was assumed to be
the difference between the flow at Rankin and the flow at Big
Rapids, The monthly uncontrolled flows at Lincoln School for
the period October 1931 through September 195l computed on'this
basis are given in table h-25. - Listed in table 426 are the
observed stages’ and computed discharges at the dam site.

e» Area~Capacity Curveg. Area-capacity curves were prepared
for each<reservoir .site.irom. the latdst aviilable: U.S5,. Geological
Survey quadrahgxe‘sheeté,sscale‘126255003%The regervoir shore lines
with full pools are astshown on plates li~16and }i-17. The area-
capacity curves for each of 'the reservoir gites are shown on
plate--k-hlﬁ,w Lo o . o B ‘ =

fs Stage~Discharge.

(1) Rankin Rapids. . A stage-discharge relationship
was established f{rom water surface elevations observed at the
site in 1951-1952 and listed in table L-22,  Corresponding
stream flow rates were determined by drainage area proportion
from the U, S, Geologital Survey daily flow records for Saint
John River abv Fort Xent (helow Fish River),.located about 20
miles downstream from Rankin Rapids, and for Fish River near
Fort Kent. The computed tailwater rating curve-is shown on
plate 4=19.. - - e
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, (2) Big Rapids. The shape of the tailwater curve

at the Big Rapids sile, shown on plate Li=19, was based on the
stage-discharge relationship established at Dickey, about three
miles downstream, by the U. 8. Geological Survey, Stream flow
rates were reduced by drainage area proportions from the records
at the Dickey station as given in table 412, The elevation of
the curve was based on the water surface elevabions observed at
the site in 1957 and the computed corresponding discharges, both
listed in table -2, | :

(3) Lincoln School. Stage-discharge relationship was
derived from water surface elevabions observed at the site in
1957 and given in table h~26, The shape of the curve was assumed
the same as at the Rankin Rapids site, located about two miles
upstream with no correction for discharge. The computed tailwater
rating curve is shown' on plate ii~19.

ge Unit Hydrographs. As for the Digdeguash pumped-storage
site, unit hydr ograpgs were needed to develop the spillway design

floods In deriving the unit hydrographs, natural hydrographs
for the Saint John River at Dickey and Allagash River at Allagash
were plotted for storms occurring during period of record of the
gage at Dickey.Twelve<hour unit hydrographs were developed for
the upper and lower portions of the Saint John and Allagash
basins for the October 1946 and November 1950 storms. The unit
hydrographs having the maximm ordinates were selected for each
area and are shown on plate L4=-20, The storms from which the unit
hydrographs were derived were relatively minor, therefore the
maximum discharge ordinates were inereased by about 25 percent
in order that the unit hydrographs would be more representative
of the runoff from the large design storm rainfall,

=06 FRESH WATER SUPPLY

a8, 7Tidal Power Projects. An adequate gsupply of fresh
water, suitable for making concrete, would be required near the
site of each major concrete structures A permanent supply of
fresh water would also be required at each powerhouse for oper-
ation and maintenance; Examination of available topographic
maps indicates that satisfactory water supplies are available
in the vieinity of nearly every structure. The locations of the
more favorable water supply sites are shown on plate L=21 and the
sizes of the drainage areas are swmarized in tahle L=27,
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be Pumped-Storage Basin. A suitable supply of fresh
water for construction and operation at each site would be
available from local streams and nearby lakes, The opera=
tion period would be more critical than the construction
period becanse the pumped=storage plants would utilize salt
water and thus make the pumped-storage reservolir unsuitable
for use during the operation stage., The locations of the
most favorable fresh water supply sites for operation are
shown on plate L=21 and the sizes of the drainage areas
are summarized in table =27,

ce Saint John River Basin. An ample supply of fresh
water for construction and operation is available at each
gite from the Saint John River,

“

=11,
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TABLE L1

U. S. G. S. STREAM FLOW RECORDS
ST. CROIX RIVER BASIN

Location of :Drainage :Peridd: Discharge Co £ 8o
gaging station : area : of = : 9 H 5
:(8q. mi,) :record: Meanl : Maximum : Minimum

ST. CROIX RIVER

(4pr.23,1954) (Oct. -Nov.1936)

Vanceboro, Me. 435  1928-5L 680 h,L70 1.9

| | (May 1,1923)  (July 20,192%)
Baileyville, Me. 1,320 1919-5L 2,181 23,300 100
Spragues Falls ' (Apr.19,1904) (Oct.10,190L)
near Baring, Me. 1,350  1902-05 2,180 1k, 750 525 ,

GRAND LAKE STREAM

Grand Lake (June 12,1952) (Dec.3-6,11,1945)
Stream, Me. 22l 1928-5) 343 2,840 5

1 For period of record through September 30, 195k.
2 Instantaneous ‘
3 Daily
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~ ST. CROIX RIVER NEAR BATLEYVILLE, MAINE

TABLE )i~2

. ANNUAL EICUNOFF IN INCHES
{Drainage Area 1,320 square miles)

Water year : Mean ¢ Runoff : Water year: Mean : Runoff
ending s runoffl ¢ in inches : ending 2 runoff + in inches
Sept. 30 ¢ in c.f.s. : per year : Sept. 30 : in c.f.s. : per year
1920 2,540 26.11. ¢ 1938 1,885 19,35
1921 2,120 21,78 : 1939 2,407 2h. 71
1922 1,460 14,98 :  15ho 2,053 21.03
1923 2,230 22,89 : 19kl 1,843 18.91
192L 1,740 17.85 : 19h2 1,915 19.63
1925 - 1,480 15,19 : 1943 1,706 17, 50
1926 2,700 - 27.70 ¢ 19hh 1,956 20,0l
1927 2,310 23.72 + 1945 2,782 28, 60
1928 '30 050 31028 : 191].6 2’ 171 220 28
1929 2,200 22,58 + 1947 2,198 C 22,57
1930 . 1,860 19.09 : 1948 1,589 16. 30
1931 2 1,h10 b6 : 1949 1,700 17ebly
1932 2,110 21,63 : 1950 1,929 19. 79
1933 2,190 22,47 : 1951 3,253 33. 38
193 2,388 2451 r 1952 2,720 27.92
1935 2,257 2313 - : 1953 2,171 22,28
1936 2,858 29, 38 : 195k 2,982 30,60
1937 2,200 22,58  : Mean 25182 22,39
1 . Y.8:G.5. Records.
2 Minimum mean annual runoff.
3

Maximam mean annual runoff,
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TABLE li-3

DIGDEGUASH RIVER, ANNUAL RUNOFF
(Drainage Area 176 square miles)

Mean runoff s ' Mean runoff

in c.fese H . H in cofes
Water '+ Machias : Digde-~ : Water ¢+ Machias : Digde~
year : River at : guash : year ¢ River at : guash

ending : Whitney- : River at_; ending : Whitney- : River at
Sept. 30 villel : dam site?; Sept. 30 : villel : dam site?

o
.

1906 1,000 385 . 1936 995 383
1907 871 335 ¢ 1937 888 342
. 1908 1,090 - k2o s 1938 oh3 363

1909 1,200 L62 s 1939 920 354
1910 1,060 ko8 : 1940 860 331
1911 578 223 : 19kl 3 566 218
1912 879 339 : 1942 860 331
1913 1,160 L7 ¢ 1943 817 315
191h 1,020 393+ 19kl 853 329
1915 766 295 s 19h5 1,108 L27
1916 890 343 : 19kb 832 320
1917 & 1, 360 gol s 1947 912 351
1918 1,090 L20. + 1948 581 224
1919 1,260 W85+ 19k 695 268
1920 1,200 hé2 s 1950 765 295
1921 853 329 g 1951 1,331 , 512
1930 82l 317 ¢ 1952 1,176 53
1931 653 251 ¢ 1953 919 - 354
1932 802 309 s 195k 1,348 519
1933 859 331 : Mean U6 ' 36l
193k 1,041 L1 . '
1935 oL9 365 :

1 U. S. Go So records.

2 Based on Machias River at Whitneyville.

3  Minimum annual runoff.

4 Maximum annusl runoff.

he17



TABLE Ll

DIGDEGUASH RIVER
CONSTRUCTTION SEASON FLOODS, JUNE THROUGH NOVEMBER

Date Peak average daily

: H Order
g discharge in c.f.S, : of
+ Machias River : Digdegnash River: magnitude
: at Whitneyville~ : at dam site s
Wove 8, 1907 h,180 1,770 15
Sept, 30, 1909 11,100 l, 700 2
Oct. 26, 1912 6,340 2,680 _ 5
July 10, 1915 5,130 2,170 9
June 18, 1917 6,780 2,780 h
Oct. Ts 1918 h,800 : 2,030 11
Qct. 29, 1932 6,030 2,550 6
Nov. 30, 1935 I, 390 1,860 12
oct. 25, 1937 4,380 _ _13850 13
June 17, 1942 - 5,530 2, 340 7
Aug. 15, 1943 5,510 2,330 8
Nove 12, 194k 4,020 1,700 17
June 10, 19L7 4,190 1,770 16
Nove 28, 1950 11,600 - 14,900 ‘ 1
Nov. 9, 1951 ki, 890 2,070 10
Nov. 27, 1953 L,280 1,810 1h
Sept. 13, 195k 6,900 2,920 3

1o U. S G, S, recorded peak average daily discharge,
during each construction season, in excess of L,000 c.f.s.,

for period of record 1907-21 and 1930-5h.
" 2. Based on Machias River at Whitneyville.
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TABLE L5

_ DIGDEGUASH RIVER
SEPTEMBER 1954 FLOOD (1 in 10 YEAR CONSTRUCTION SEASON)

: Discharge in ¢. f. 8.
Date H :
:+ Machias River s Digdeguash River
195 : at Whitneyville: at dam site®

Sept. 10 277 120
11 520 220
12 L, 800 2,030
13 6,900 2,920
15 L, 420 - 1,870
16 . 3,570 1,510

17 2,720 1,150
18 2,080 ‘ 880
20 1,590 670
21 - 1,610 680
22 . 1,530 650
23 1,450 610
2l . 1,310 - _ 550
25 1,170 : 500
26 1,100 ' L70
27 1,0L0 Lo
28 979 410
29 - 91k 390

1 U. S G. 8. record.
2, ' Based on Machias River at Whitneyville.
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TABLE L6

~ DIGDEGUASH RIVER, FLOOD OF 1920

+ D SCHArge in Cols So

s ‘eDischarge in c¢.f. 8.
Date : Machias : Digde- : Date : Machias : Digde-
1920 : River at ; guash s 1920 : River at : guash
: ¢ Whitngy- ¢ River_atQ: : Whitney=- : River at
: villel : dam site“: : villel : dam site?
Mar, 22 1,800 760  ; Apr. 22 1,910 2,080
23 1,940 820 23 5,020 .. 25120
24 2,030 860 2l 5,240 2,220
25 2,480 1,050 25 5,460 2,310
26 2,950 1,250 ¢ 26 5,020 2,120
27 3,750 1,590 ¢ 27 L, 360 1,840
28 , 800 2,030 28 3,550 1,500
29 5,350 2,260 29 }, 800 2,030
30 6,780 2,870 30 Iy, 360 1,840
31 6,890 2,910 :May 1 4,150 1,760
Apr., 1 6,340 2,680 2 35750 1,590
2 5,900 2,500 ¢ 3 3,550 1,500
3 5,020 2,120 L 3, 350 1,420
h 5,020 2,120 5 2,950 1,250
5 5,020 2,120 é 2,570 1,090
6 7,000 2,960 7 2,210 9o
7 9,200 3,890 8 1,2L0 520
8 8,100 3,430 9 1,700 720
9 - 6,780 2,870 10 3,550 1, 500
10 55680 2,h00 11 3,350 1,420
11 3,950 1,670 12 3,550 1,500
12 3,750 1,590 13 3,350 1,420
13 3,950 1,670 1k 3,150 1,330
1 8,100 3,430 is 2,750 1,160
15 8,980 - 3,800 ¢ 16 2,210 940
16 8,320 3,520 . 17 2,030 . 860
18 7,000 2,960 2 19 1,700 720
19 6,120 2,590 20 1,540 650
20 5,010 2,120 21 1,310 550
21 5,240 2,220 22 . 1,2h0 520

1. Us So G.'o So reﬁordSo‘
Based on Machias River at Whitneyville.

2,
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TABLE L=7

DIGDEGUASH RIVER, FLOOD OF 1936

: Discharge in c.f.8.

Discharge in o Fu B

Date : Machias : Digde- : Date : Machias : Digde~
1936 : River at : guash ¢ 193 ; River at : guash
: : Whitniy- : River at : Whitneyw River at
. ville® : dam site®: : villel dam site®
Mar. 9 455 190 -z Apr. 5 3,2L0 1,370
10 455 190 : 6 3,150 1,330
11 460 190 : 7 b, 690 1,980
12 1,060 450 : 8 1,990 2,110
13 5,6L0 2,390 : 9 L,lio0 1,900
1 8,150 3,450 : 10 3,790 1,600
15 7,600 3,210 11 3,330 1,410
16 6,830 2,890 : 12 2,970 1,260
17 5,390 2,280 : 13 2,610 1,100
18 5,790 2,450 : 14 2,520 1,070
19 6,940 2,940 g 15 2,610 1,100
20 9,180 3,880 : 16 2,790 1,180
21 8,700 3,680 : 17 2,880 1,220
22 74490 3,170 : 18 2,790 1,180
23 6,610 2,800 19 2,430 1,030
2L 5,590 2,360 : 20 2,190 930
25 4, 390 1,860 s 21 1,910 810
26 3,240 1,370 : 22 1,550 660
.27 2,700 1,10 23 1,270 sho
28 2,970 1,260 : 2l 1,130 L80o
29 3,420 1,450 : 25 1,130 180
30 2,880 1,220 26 1,100 470
31 2,270 960 : 27 1,100 70
Apr. 1 1,950 820 : 28 1,060 1450
2 1,990 8L0 : 29 1,060 450
3 2,790 1,180 30 1,200 510
LL" 3’ 330 13h—10

1. U. S, G, S, records.

2, Based on Machias River at Whitneyville.
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TABLE 18
DIGDEGUASH RIVER, FLOOD OF 195L4

Dischergs in CofeBs

: H + Discharge in c.f, s,
Date + Machias s Digde- : Date : Machias : Digde~
195L : River at : guash : 1954 : River at : guash
: Whitney~ : River at:.: : Whitney- : River at
: ville : dam site?: s villel :  dam site?
Apr. 5 898 380 sApr. 28 2,440 1,030
6 866 370 : 29 2,200 930
7 1,170 500 g 30 2,000 850
8 2,170 . 920 :May 1 2,260 960
9 2,3h0° 990 : 2 2,470 1,050
10 1,980 8ho : 3 2,190 1,060
11 1,730 730 2 L 2,370 1,000
12 2,320 980 : 5 2, 390 1,010
13 2,500 1,060 : 6 2,940 1,240
N 2,130 900 : T 3,650 1,550
15 1,810 770 2 8 3,550 1,500
16 1,720 730 : 9 3,200 1,350
17 3,580 1,520 3 10 3,860 1,630
18 10,000 b,240 : 11 L,510 1,910
19 11,200 by7h0 s 12 h,h30 1,880
20 9, 360 3,960 ¢ 13 3,920 1,660
21 756L0 b 3,240 : 1 2,950 1,250
22 64250 2,640 : 15 1,870 790
23 5, 310 2,250 s 16 700 300
24 4,720 2,000 : 17 1,010 130
25 k,220 1,790 18 1,260 530
26 3,640 1,540 19 970 L1o
27 - 2,860 1,210 : 20

1,020 430

1l U. S. G. S. records. ‘ ‘
2. Based on Machias River at Whitneyville.
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. CALAIS RESERVOIR DRAINAGE AREA

TABLE L~9

ANNUAL RUNOFF IN INCHES

(Drainage Area 19.6 Square Miles)

Water Year : Woodland

: Machias River : Land area : Calais River

ending : raipfal11l : runoff? " : losses : water supply

Sept. 30 & (inches) : (inches) : (inches) : net (c.f.s.)
1930 37-71 2h. L5 13.26 3k 8
1931 35,75 19,39 16, 36 27,6
1932 38. 76 - 23,88 1h. 88 340
1933 hoo31 25,49 14.82 36,2
193L 116, 67 30,90 15.77 Lo O
1935 11.07 28,17 12,90 40,1
1936 Wl 98 29,62 15, 36 42,1
1937 h1.76 - 26,37 15, 39 37,5
1938 16,55 28.02 18, 53 39.8
1939 35@‘68 27# 31 80 37 38o 8
1940 Lk 01 25,61 18.L0 36,4
19kl 34,15 16. 80 17.35 23,9
19h2 - 43,93 25.56 18. 37 360 3
19143 'hOa ?6 2l-|-o 23 16053 3’40 5
19hk 13,69 250 Ll 18,25 36,2
1945 L6, 65 32.92 13.73 Lb.
1946 38,98 2L, 72 1k, 26 35,1
1947 10,12 27.08 13.0L 38.5
1948 32,68 17.32 15, 36 2h. 6
1949 ho. ho 20,65 21. 84 2%l
1950 L2.28 22,75 19,53 32,3
1951 60, 51 39,52 20.99 56, 2
1952 h9° }4—9 350 03 :u-l-o }-l-é h9o 8
1953 L8. 24 27.29 20,95 38,8
195h 55‘!‘ 3’4 }-]-Oo 01 150 33 560 9
mean 42,90 26. Tl 16,16 38,0l

1l U. S. Weather Bureaun records.

2.

Uo So G‘ So recordSJ
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TABLE 4«10

. UPPER SAINT JCHN RIVER BASIN,_._

DRAINAGE ARFAS

Location o Drajnage area’
v o . (sg. miles)

Saint John River
at Fort Kent (below Fish R:Lver) 5,690

Fish River . '
- at ¥ort Kent S 871

Allagash River
at AlJagash 1,250

Saint John River . 2
at Iincoln School 1,066

Saint John River
at Rankin Rapids o 13,060

Saint John River .
at Dickey 2,700

Saint John River
at Big Rapids 2,19

Li=2li
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TABLE 11

Uo So G’e _S'u STREAM FLOH RECORDS
UPPER SATNT JOHN RIVER BASIN

:+ Drainage - : Period of . Discharge in ¢. f. s. .
2 area 2 record H H . : . .
Location : (square miles) : (Years) : Average 17 s Minimum 2 : Maximm 3
SAINT JOHN RIVER . : : : : : (Sept.5,1953) & (Apr.23,195L)
Winemile Bridgel : 1,290 : 1950-8h 2,309 : 59 : 27,800
Dickey : : . : (Sept.17,19L8) & (May 9,1947)
: 2,700 ¢1910-11;1946-5h L, 68l : 129 B 68, 700
Fort Kent . : . : (Mar,13-15,19L8) : (May 5,1933)
(Below Fish R:i_,ver)5 s 5,690 t 1926-5 : 9,596 : ‘510 £ 121,000
AILAGASH RIVER : : : : R
T : : ' : : (Mar.9-15,1948) : (May 5,1933)
 Allagash : 1,250 :1910-11;1931-5k : 1,925 : 91 : 23,400
SATNT FRANGIS RIVER : . : : . '
- oLt : : : {0ct.6,1953) : (&pr.25,195h)
Glazier Lake U 5 496 ;o 19515k 946 : 88 ;8,120
FISH RIVER : ;o : : :
N _ : 1903=08; 1911; : : (0et.9-10,1950) : (Apr.26,193L)
Fort Kent : 871 s 1929=54 : 1,357 2 Lhé 11,000

¥

-

1. For period of record through September 30, 195k

2, Daily.
3s Instantaneous.
ie Not used in studies.

5. International gaging station.

N
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TABLE )4-12

. SAINT JOHN RIVER AT DICKEY, MAINE
U. S. G. S. RECORDED MONTHLY AND ANNUAL DISCHARGE, IN G. F. S.
(Drainage area 2,700 square miles)

1

t

Water 7 T g T T T i T T T The

year ! Oct, ! Nove ' Dec, ' Jan. ' Feb. ! Mar. ' 4pr. ' May ' June ' July ' Aug. ! Sept.' year
17 5,351 5,009 1,958 1,063 L9k 1,k25 7,502 33,L30 10,840 6,516 2,211 © 926 6,55
1948 81, '~ 605 703 331 201 742 "12,810 18,080 2,510 1,626 1,519 600 3,388
ishe 2,827 h,091 2,987 1,178 666 1,065 16,6h0 8,6L8 2,717 90k 836 . 1,531 3,671
1950 1,096 2,35k 2,601 2,696 1,112 1,179 8,859 9,373 5,878 2,571 1,326 - 2,212 3,Lk2

1951 2,222 9,368 9,781 1,159 1,393 . 1,1837 22,500 10,050 “3,h65 5,139~ 2,240 " 1,k97 5,838
1952 1,880 6,7h9 3,11k L,hhor 891 729 11,700 18,170 7,L91 - 937 703 LS9 L,519

- 1953 h,011 2,8h7 1,657 1,2L6 1,665 2,498 22,140 12,110 1,186 98k 265 - 397 h,2h6
195k 690. 1,728 3,327 © 775 783 1,798 16,370 15,k70 9,540 1 5,936 5,517 . 7,655 5,807
/ /
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TABLE U4-13

SAINT JOHN RIVER BELOW FISH RIVER, AT FPORT KENT, MAINE
Us 8.  Go S. RECORDED MONTHLY AND ANNUAL DISCHARGE, IN Co ¥» S.
(Drainage area 5,690 square miles)

Water - 7 T 1 1 i 7 T 7 3 T The
year ! Oct, ' Nov. ! Dec. f Jan. ! Feb. ! Mar. ! fpr. Y May ! June ' July ' Aug. ' Sept.! year

1930 5,660 5,710 2,060 3,900 2,070 2,450 15,200 L46,700 16,900 9,400 © 6,660 4,250 10,100
1931 2,940 7,740 3,990 1,860 1,060 1,080 27,200 15,600 11,300 @ k,360 2,560 5,150 7,060
1932 10,500 11,200 3,h80 5,080 2,380 1,750 33,300 28,900 7,610 9,150 7,070 11,L00 11,000
1933 7,460 12,300 5,190 2,660 1,560 1,210 16,600 52,900 10,600 6,520 1,980 1,800 10,100
193k 4,683 L,125 2,086 1,316 1,006 1,106 38,370 36,870 9,893 6,335 3,671 2,377 9,3h1
1935 Lh,ho2 9,968 8,423 3,086 1,743 1,742 18,700 28,210 14,920 7,803 2,580 2,293 8,690

1936 2,812 2,213 2,627 1,519 1,235 23,590 25,660 42,130 11,030 @ 3,862 2,263 1,715 10,350
1937 8,083 8,359 3,617 6,379 3,550 3,038 20,810 32,LL0 10,820 3,535 7,536 L,997 9,459
1938 8,736 13,h60 7,006 2,lah 2,L26 1,940 25,550 28,030 6,724 9,275 7,955 10,800 10,380
1939 7,197. 5,212 9,ll8 3,139 1,376 1,252 6,675 L7,830 13,940 8,992 16,L00 6,043 10,730
1940 11,620 10,570 7,595 1,926 1,161 1,125 12,570 k1,270 19,050 10,L20 2,120 1,873 10,150

1941 . 1,970 10,430 3,916 3,892 1,893 1,396 30,150 16,950 7,589 9,60 3,280 7,518 8,205
1942 10,310 14,310 4,638 2,909 1,528 2,101 20,730 L2,290 13,hho L, 5h1 2,155 1,190 10,060
1943 2,901 3,398 1,483 900 688 1,023 5,141 50,550 15,860 @ 6,422 L,781 2,832 8,071
19L4 8,960 17,210° 2,816 1,185 790 669 3,298 29,960 6,485  L,702 3,465 3,56k 6,952
igk5 10,000 5,083 2,L80 3,397 2,138 1,805 45,570 22,610 11,370 10,790 3,479 5,858 10,630

1946 8,935 5,299 2,886 2,128 1,810 4,510 22,050 LO,990 7,132 3,918 3,698 2,053 8,838
1947 6,952  7,h32 4,236 2,149 3,941 3,500 14,870 6L4,120 21,800 10,130 5,813 2,127 12,330
1948 1,576 1,367 1,111 871 562 1,29h 21,730 35,L90 7,64L  L,65h  3,U69 1,645 6,830
1949 5,375 8,098 7,039 3,016 1,958 2,631 28,820 19,390 8,L38 3,813 1,92k 2,909 7,785
1950 2,06 L,h68  ,621 5,539 2,91k 2,795 17,940 20,920 11,340 5,770 2,69L 3,381 7,046

1951 3,247 13,840 22,900 4,235 1,230  3,h5h 11,820 231,550 9,081 10,930  L,68k 3,276 11,940

1952+ 3,240 11,720 7,233 3,608 2,309 2,052 20,770 38,300 16,730 3,852 2,177 1,196 9,436
1953 5,621 L,812 3,552 2,611 3,497 5,171 . h5,240 27,200 5,37k 2,926 - 1,038 1,105 9,002

1954 1,408 3,35 7,536 2,830 1,971 L,3k5 29,920 32,550 18,020 1k,770 15,520 1kL,700 12,280
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ALLAGASH RIVER NEAR ALLAGASH, MAINE
Us Se Go. S. RECORDED MONTHLY AND ANNUAL DISCHARGE, IN C.
(Drainage area, 1,250 square miles)

TABLE L-14

FO Se

£

] T

Water 1 T f 7 T ] i T The

year ' Oct. ! Nove ! Dece ! Jan. f Febo ¢ Mar., ! Apr, ! May ' June July ! Aug. * Sept.’ year
1932 2,300- 2,380 699 779 sho 455  6,7h0 5,980 1,790 1,900 1,220 . 2,86C 2,300
1933 2,240 2,670 1,340 586 L2 326 3,440 9,620 2,760 1,530 L3k 356 2,160
193k L,h70 978 619 281 223 2l 6,952 7,136 2,721 2,011 765 681 2,012
1935 1,068 1,941 1,936 729 Ll 356 3,689 5,273 3,758 1,765 527 . 370 1,836
1936 998 455 505 - 222 186 3,560 5,005 8,805 2,787 91l 323 566 2,035
1937 1,Lh62 1,592 952 1,091 790 819 3,803 7,766 2,688 88 1,37k 812 2,010
1938 1,119 2,119 1,339 578 351 557 h,553 6,162 1,603 2,158  1,166: 2,482 2,022
1939 1,759 1,060 1,818 728~ 280 288 1,315 9,3h7 3,502 2,583 3,077 1,159 2,265
1940 2,201 2,h59 1,450 183 252 267 3,210 6,949 4,331 2,991 614 489 2,146
19k 2h2 1,311 635 1,175 = L77 3907 L,761 3,l40 2,091 1,381 1,324 966 1,517
1942 - 1,236  2,hh7 1,111 . U465 357 455 3,836 8,067 2,125 1,398 690 365 1,888
1943 538 385 271 198 145 191 716 8,902 3,h62 2,114 1,181 73 1,584
1gkk 1,557 2,922 596 243 220 196 623 L,528 1,333 1,05k 815 1,515 1,303
195 2,099 982 608 561 29 751 8,699 L,863  2,35Lh 2,981 1,043 1,083 2,207
19hé 1,730 996 523 461 Lo3 SoL 3,102 8,987  1,72Lh 1,910 = 921 576 1,8h2
19L7 7h1 1,113 92} 16 850 852 3,142 11,700  hLyshh 1,458 1,858 609 2,365
1948 315 279 286 192 119 21 2,545 6,835 1,665 1,716 931 358 1,297
1949 77 1,595 1,586 708 52k 826 5,hh3 3,901 2,177 822 320 307 1,577
1950 273 637 776 1,210 710 662 3,481 L,251 - 2,147 1,353 726 770 1,118
1951 582 2,34y L,5h9 1,22  a,1ibL 791 6,302 4,828 2,492 1,625 76k 611 2,273
1952 W62 1,921  1,h18 618 522 2y 3,352 8,205 . 3,580 1,186 355 247 1,863
1953 579 706 509 - ko6 5ok 983 7,985 5,823 - 1,h09 668 2l 301 1,698
195h 309 729 1,7h 88 - 502 906 5,112 6,958  L,163 14,053 3,353 3,133 2,66k
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TABLE };-15

FISH RIVER NEAR FORT KENT, MAINE

Us Se G. S. RECORDED MONTHLY AND ANNUAL DISCHARGE, IN C.
(Drainage area, 871 square miles)

F. S,

" Water ¢

] 1 7 T 1 3 — 1 3 T The
year 1 Oct. 1 Nov. Dec. ' Jan., ' Feb, % Mar, 1V fipr. ! May ! June “July ! Aug. ! Sept.! year
1930 351 1,98 285 h12 338 480 2,930 6,00 2,790 1,5L0 886 . 685  1,Lho
1931 k9o 476 471 305 239 230 3,160 2,520 1,470 sl 290 . 370 880
1932 1,310 1,770 671 628 437 W25 L,620 L,250 1,210 7h8 1,170 1,370 1,550
1933 1,230 1,840 1,290 188 315 305 2,250 6,080 1,890 1,190 307 250  1,hL60
193h L71 692 597 295 161 250  Lyh00 5,589 1,46 933 526 269 - 1,307
1935 510 1,212 1,188 626 367 28h 2,191 4,851 1,979 - 1,131 315 230 1,246
1936 151 187 32k 289 .258 3,104 L,719 5,346 2,122 700 333 LBo  1,50h

© 1937 708 1,393 769 . 733 621 7hly 2,50 l,lh0  1,h9% h29 640 263 1,234
1938 31 1,913 1,502 685 510 518 2,843 h,228 1,507 1,872 650 757 1,456
1939 766 796 1,43L 777 312 320 1,134 6,242 1,775 1,33h 2,825 1,139 1,585
9%  1,5k9 2,18k 1,755  5hh 325 287 2,204 5,756 2,338 1,907 20 213 1,629
1oh1 205 1,162 g22 729 413 322 3,367 3,857 1,138 2,555 569 738 1,328
19h2 1,410 2,045 929 51 392 Weh 2,395 5,683 2,156 oh3 298 128 1,453
1943 6 . 258 232 157 139 2h5 554 6,251 2,633 825 561 L7 1,045
19h); 7h1 2,563 7he 210 16l 107 390 3,685 1,089 603 s 209 906
1945 1,030 1,388 725 679 531 69 5,9Th 3,722 1,625 1,691 650 518 1,599
19h6 - 1,000 866 5oL L 336 525 2,550 6,635  1,6L7 672 345 273 1,332
1947 188 557 821 296 626 700 2,176 8,036 3,198 950 417 219 1,5hL7
1948 134 278 303 203 119 175 2,691 5,051 1,928 585 528 281 1,025
1949 W8 1,237 1,259 730 399 38h 3,794 3,0k 1,508 oL7 31 197 1,248
1950 190 688 800 1,134 703 551 2,598 3,992 1,321 679 275 171 1,09k
1951 %0, 938 1,688 1,172 982 730 5,958 3,261 1,198 1,971 851 601 1,899
1952 hio 1,467 1,479 . 962 618 366 2,735 6,475 2,776 658 230 122 1,527
1953 . 267 163 623 hes 686 838 7,L95 L,897 = 1,1h5 356 160 100 1,452
195L 12l k27 1,616 687 399 813 3,665 5,423  2,h66 3,075 3,57 1,940 2,029



0 =1

TABLE L-16.

SAINT JOHN RIVER AT RANKIN RAPIDS, MAINE
COMPUTED MONTHIY AND ANNUAIL DISCHARGE, IN C. F. S.
(Drainage area L,060 square miles)

T T Y 1 T ' 1

Water i . 1 1 [] i“h—e
year ' Octe ' Nove ! Dec. ¢ Jan. .t Febs ! Mar, ! fpr. * May ¢ June 7 July ¢ fugs ' Sept.! year
1930  L,470 4,388 1,h95 2,937 1,37h 1,659 10,331 3h,236 11,881 6,618  L,862 3,002 7,271
1931 2,063 6,116 2,963 1,309 691 716 20,2h2 11,013 8,277 3,216 1,911 L0925 5,212
1932 7,738 7,940 2,365 3,749 1,636 1,116 24,149 20,755 5,389 T,0Th 4,968  8,Lh5  7,9Lk
1933 5,246 8,807  3,28Lh 1,829 1,0L8 762 12,121 39,422 7,334 L,h88 1;409 1,305 7,256
193h 3,546 2,801 1,25k 860 711 721 28,603 26,339 7,112 L,548 2,648 1,775 6,751
1935 3,353 7,373 6,092 2,071 1,159 1,228 13,901 19,668 10,896 5,618 1,907 1,732 6,249
1936 2,27 1,706 1,940 1,036 823 17,2h9 17,632 30,972 7,501 2,662 1,625 3,566 7,413
1937 6,210 5,865 2,398 b,75h 2,66 1,932 15,383 23,576 7,852 2,615 5,806 3,986 6,90k
1938 6,993 9,723 L,6L3" 1,456 1,613 1,197 19,119 20,041  L,393 6,233 6,151  8,b56  7,502°
1939 5,415 3,718 6,7h8 1,990 895 785 1,660 35,010 10,240 6,450 11,430  L,130 7,623
1940 8,480 7,060 L,920 1,160 705 710 8,700 29,900 1L,070 7,170 1,430 1,k00 7,142
9kt 1,b90 7,800 2,605 2,665 1,245 905 22,550 11,025 5,430 5,935 2,285 5,710 5,80k
1942 7,L95 10,325 3,120 2,015 955 1,380 15,40 30,825 9,500 3,030 1,565 895 7,212
1943 2,320 2,6Lh5 1,055 625 Lés 655 3,860 37,300 13,140 L,710 3,555 2,010 5,861
194h 6,920 12,335 1,750 820 530 h75 2,450 22,125 Iy Bh5 3,450 2,625 2,825 5,071
1945 7,555 3,120 1,480 2,290 1,350 3,500 33,345 15,905 8,205 7,660 2,380  L,L95 7,607
1946 69680 3,730 1,930 1,h20 132}40 3s 355 1.6:1(-20 28,925 h,620 25735 23825 i, 500 6,282
947 5,695 5,790 2,875 1,560 2,790 2,360 10,688 L7,225 15,410 7,730 h,5h5 1,605 9,023
1948 1,215 - 910 935 56 375 oho 16,030 25,630 h,810 3,425 2,475 1,150 L,872
1949 3,895 5,775 4,865 1,925 1,313 1,892 21,072 13,k60 5,835 2,413 1,333 2,284 5.505
1950 1, 578 ’ 3: 183 z 3 217 33 709 1, 862 ) 1, 889 123 918 1343 253 8; h36 hs 286 23 03? 2 k3 703 59 006
1951 2,658 10,863 15,335 2,579 2,735 2,29h - 30,196 15,399 6,385 7,543 3,227 2,252 8,L56
1952 2,383 8,633 L,845 2,228 1,2l 1,120 15,185 26,839 1L,7h9 2,689 1,639 90l 6,662
1953 4,508 3,662 2,h66 1,840 2,367 - 3,6L8 31,781:18,779 3,561 2,16k 739 8h6 6,363
195k 1,081 2,466 L,985 1,80h 1,324 2,97h 22,107 22,841 13,096 9,847 10,061 10,77k 8,613




TABLE L=17

SAINT JOHN RIVER AT RANKIN RAPIDS |
CONSTRUCTION SEASON FLOODS, JUNE THROUGH NOVEMBER

-

—Poak aveggge daily discharge, ofesel

1 Annmal spring floods

2 U. S. Ge S. records,

not included.

L3

: At Fort Kent : Fish River : = Order of

: below at Rankin : magni-
Date Fish Rlver2 Fort Kent2 Net Repids : tude
June 2L, 1930 19,200 2,550 16,650 1k,000 18
Oct. 19, 1931 25,100 1,690 23,410 19,700 13
Sept.19, 1932 53,600 2,030 51,570 43,400 1
CJuly 2, 1933 19,600 1,860 17, 7ho 14,900 17
June 1y, 1934 16,500 1,430 15,070 12,700 21
June 17, 1935 22,000 2,240 19, 760 16,600 16
Nov. 5, 1936 17,200 1,760 - 15;hho 13,000 20
Nove 1, 1937 23,300 1,700 21,600 18,200 1l
Sept.23, 1938 27,900 827 27,073 22,800 11
Aug. 6, 1939 32,500 2,910 29,590 2k, 900 8
June 21, 1940 36,300 2,160 34,140 28,700 6
Nov. L, 1941 23,600 2,030 21,570 18,200 15
June 19, 19k2  LbL,L00 3,370 11,030 3, 500 L
Nov. 11, 1943 42,600 3,550 39,050 32,900 5
Oct. 11, 194l 16,900 778 16,122 13,600 19
July 17, 1945 27,000 2,320 21,680 20,800 12

Qct. 3, 1946 29,800 287 295513 2,800 9 .
July 30, 1947 28,900 732 28,168 23,700 10
Nov. 30, 1948 12,700 1,550 11,150 9, 390 2l
June 28, 19k9 15,600 1,680 13,920 11,700 23
Nov. 30, 1950  L8,300 h,270  Lk,130 37,200 3
July 8, 1951 34,800 2,590 32,210 27,100 7
Oct. 9, 1952 15,100 299 1h,801 12,500 22
Nov. 29, 1953 8,380 1,070 . 7,310 6,160 25
June 29, 195h 16,900 1,860 L5,0l0 37,900 2



TABLE h~18

SATINT JOHN RIVER AT RANKIN RAPIDS
OCTOBER-NOVEMBER 1943 FLOOD (1 in 10 YEAR GONSTRUCTION SEASON)

, : _Discharge in co f. Se =
Date TR Fort Kent s Fish River : s  Rankin
1943 s below Fish Ri:at Fort_ Kentl Neb __: Rapids
Oct. 16 1,660 - 361 1,299 1,094

17 2,030 . h3e 1,E§8- 1,345
18 9,050 568 8,482 7531ho
19 2k, 500 - 681 23,819 - 20,055
20 25,200 901 2l,299 20,460
21 22, 300 1,050 21,250 17,890
22 19,500 - 1,170 - 18,330 15,435
23 16,100 1,270 14,830 12,485
2l 1,000 1,360 12,640 10,645
25 12,700 - 1,h60 11,240 9,465
26 11,400 , 1,520 . 9,880 8,320
27 10,800 1,520 9,280 7,815
28 11,600 1,630 9,970 8,395
29 17,500 1,7ho 15,760 13,270
30 23,100 1,800 21, 300 17,935
oo 24,000 1,980 22,020 18,540
Nove 1 21,100 2,040 19,060 16,050
2 - 17,900 2,0L0 15,860 13,355
3 16,100 2,040 14,060 11,840
h 17,300 2,180 14,920 12,560
5 18, 300 - 2,180 16,120 13,575
6 17,100 2,240 1,860 12,510
7 17,500 2,40 15,060 12,680
8 21,900 2,720 19,180 16,150
9 25,300 12,950 22,350 18,820
10 140, 300 3,400 36,900 31,070
11 42,600 3,550. 39,050 32,880
12 35, 300 3,620 31,680 26,675
13 28,900 3,620 25,280 21,285
1 2k, 1500 3,550 20,850 17,555
15 20,700 3,180 17,220 1k, 500
16 17,900 - 3,180 14,720 12,395
17 15,400 3,100 12, 300 10,355
18 13,300 2,950 10, 350 8,715
19 12,000 2,800 95200 75745
20 11,400 2,650 8,750 75365
21 10,800 : 2,580 8 220 6,920
22 10,200 2,440 7,760 6,535
23 9,630 2,300 75330 6,170
2L 84550 2,180 6, 370 55365
25 7,820 2,040 5,780 4,865

| 26 7:590 1,920 5,670 4,775
1. TUe 8o Go So records.,‘ ‘ { :
4=32



TABLE L-19

SATNT JOHN RIVER AT RANKIN RAPIDS
FLOOD OF 1933

H .Diséharge in ¢. f. 8.

bmack

Date : AL Fort Kent - : Fish River _: . : Renkin
1933 : below Fish RB.l :at Fort Kent': Net :  Rapids
Apr. 11 2,210 750 1,460 1,230

12 2,280 860 1,kL20 1,190

13 2,870 965 1,905 1,600

1k 3,6L0 1,060 2,580 2,170

15 14,690 1,330 3,360 2,830

16 6,330 1,580 k4,750 15000

17 7,450 1,860 55590 4,710

18 10,100 2,280 7,820 6,580

19 15,400 2,690 12,710 10,700

20 22,200 3,130 19,070 16,100

21 27,100 3,680 23,1420 19,700

22 51,000 L, 260 L6,7Hh0 39,400

23 16,500 L,h30 12,070 35,400

2l h3,400 1,600 38,800 32,700

25 11,500 L, 770 36,730 30,900

- 26 L)y, 000 ki, 940 39,060 32,900

27 41,500 Se9h0 0 36,560 30,800

28 38,500 4,940 33,560 28,200

29 36,100 kyoho 31,160 26,200

30 36,700 - 5,110 31,590 26,600

May 1 37,300 5,160 31,840 26,800

2 51,000 6,310 Ly, 690 37,600

3 89,300 - 8,230 81,070 68,300

I 115,000 9,150 105,550 89,000

5 117,000 9,630 107,370 90,400

é 104,000 - 9,280 9h,720 79,800

7 81,000 8,930 72,070 60,700

8 76,100 8,400 67,700 57,000

9 63,100 8,230 5L,870 16,200

10 -~ 58,400 7,880 50,520 L2, 5ho

11 55,000 7,530 L7,l70 40,000

12 57,000 7, 350 19,650 11,800

13 57,700 7,010 50,690 12,700

1 - 57,700 - - 6,830 50,870 L2, 800

15 68,600 6,830 61,770 52,000

1. U. S, G. S. records.

133



TABLE 4~19 (Continued)

SATNT JOHN RIVER AT RANKIN RAPIDS
~ F1L0oOD OF 1933

— rﬁécm5e inec. £, 8. .

L Fort Kent

Date : : Fish River _: Rankin
1933 : below Fish R.1 :at Fort Kentl: Net Rapids
May 16 62,500 - 6,660 55,840 h7,000
17 59,100 6,310 52,790 Lk, 100
18 47,100 5,970 11,130 34,600
19 45,800 5,800 10,000 33, 700
20 145,800 55290 40,510 3k,200
21 42,700 5,110 37,590 31,700
22 37,900 b,770 33,130 27,900
23 30,900 4,430 26,470 22,300
2h 27,100 h,090 23,010 19,400
25 22, 700 3,760 18,940 15,900
26 20, 500 3,lh0 17,060 1,100
27 19,600 3,280 16,320 13,700
28 20,900 3,280 17,620 14,800
29 21,600 3,130 21,h70 18,100
30 23,100 2,980 20,120 16,900
31 21,800 2,980 18,820 15,800
June 1 20,500 2,830 17,670 k4,500
2 19,600 2,690 16,910 14,200
3 17,600 2,620 11,980 12,600
Y 13,400 2,480 10,920 9,190
5 12,400 2, 3h0 10,060 8,470
6 11,800 2,220 9,580 8,070
7 11,500 2,090 9,410 75920
8 9,510 1,970 7,540 6,350
9 9,710 1,800 6,910 5,820
10 8,190 1,800 6,390 5,380
11 11,200 1,740 9,460 75970
12 8,970 1,690 7,280 6,130
13 8,450 1,580 6,870 5,780
1k 8,970 1,480 7,490 6,310
15 8,970 1, 430 Ts 5ho 6: 350

1.

Us Se. Go S. records.

b3k



TABLE L-20
SATNT JOHN RIVER AT RANKIN RAPIDS

FLOOD OF 1939
: ‘ - Discharge in c. £, 5. -
Date + At Fort Xent : ¥ish River s : Rankin
1939 .below Fish R.1 :at Fort Kentl : Net. s Rapids
Apr., 21 . 2,380 1,880 500 120
22 4,140 2,390 1,750 - 1,480
23 7,0 2,530 - k610 3,880
2l 9,140 2,740 6,100 55390
25 13,600 2,670 10,930 9,200
26 18,900 2, 390 16,510 13,900
27 20,800 2,460 18,3Lo 15,400
28 26,000 2,670 23,330 19,600
29 36,300 3,230 33,070 27,800
30 37,400 3,58C 33,820 28,500
May 1 145,200 3,900 1,300 34,800
2 }.Ll ,500 J—h 1]-]-0" 37; 360 31: 500
3 42,100 L, 160 37,640 31,700
l h7,700 4,800 42,900 36,100
5 5l,100 5,310 48,790 11,1300
6 58,700 55650 53,050 hly; 700
7 6lis 700 6,170 58,530 L9, 300
8 77,100 7,470 69,630 58,600
9 93,600 8,800 81,800 71,400
10 109,000 10,100 98,900 83,300
11 115,000 10, 700 10k, 300 87,800
12 105,000 10, 300 ok, 700 79,700
13 87,000 9,940 77,060 6L,900
1L 69,500 9,370 60,130 50,600
15 56,000 8,990 47,010 39,600
16 47,100 8,610 38,490 32,400
17 Lo, 300 8,230 32,070 27,000
18 36, 300 75470 28,830 2k, 300
19 3k, 600 6,900 27,700 23,300
20 30,400 6,350 2L, 050 20,200
21 26,500 5,820 20,680 17,400
20 23,700 5,180 18,220 15, 300
23 20,800 4,970 15,830 13, 300
2L 18,600 4,630 13,970 11,800
25 17,500 L, 140 13,360 11,200
26 15,7000 3,900 11,800 95940
27 13,600 3,580 10,020 8,410
28 15,000 3,580 11,420 9,620

1. U. S. G. S. records.

L33



SAINT JOHN RIVER AT RANKIN RAPIDS
FLOOD OF 1939

TABLE L4~20 (Continued)

Bischarge in ce :E; -

Date :"AL Fort Kent . : Fish River 1 Rankin
1939 wawﬁlel-watmm Net Rapids .

May 29 19,700 3,500 16,200 13,600

30 27,900 3,200 2L,700 20,800

31 28,900 3,050 25,850 21,800

June 1 26,500 3,050 23,450 19,700,

2 22,500 2,910 19,590 16,500

3 18,900 2,770 16,130 13,600

L 16,400 2,630 13,770 11,600

5 . 15,000 2,490 12,510 10,500

6 11,000 2, 360 11,640 9,800

7 1k, 300 2,230 12,070 10,200

8 11,300 2,160 12,140 10,200

9 13,600 2,040 11,560 9,730

10 15,700 1,910 13,790 11,600

11 -15,000 1,850 13,150 11,100

12 14,000 1,730 12,270 10,300

13 13,600 1,680 11,920 10,000

1 1k, 300 1,730 12,570 10,600

15 17,500 1,790 15,710 13,200

16 19,700 1,730 17,970 15,100

17, 18,600 1,680 16,920 14,200

18 16,400 1,620 14,780 12,400

19 1L, 000 1,560 12,440 10,500

20 12,000 1,510 10,490 8,830

21 10,500 1,400 9,100 7,660

22 9,140 1,300 7,8L0 6,600

23 7,610 1,260 6,350 55350

2L 75370 1,2h0 6,130 5,160

25 8,870 1,180 7,690 6,170

26 10,500 1,150 9,350 7,870

27 10,800 1,090 9,710 8,180

28 9,110 1,040 8,370 7,050

29 8,610 992 7,620 6,420

30 9,140 1,170 7,970 6,710

le Ue Se Go S, records.

L=36



- TABLE L4213

SATNT JOHN RIVER AT RANKIN RAPIDS

FLOOD OF 1947

Discharge in c. f. s.

+ At Fort Kemt . : Fish River

Rankin

Date
19h7 : below Fish R.} : at Fort Kent 1 Net, Rapids
Apr. 1 4,850 670 ,180 3,520
2 5,0L0 66k L, 376 3,680
3 5,0L0 652 L, 388 3,680
L 4,850 658 L,192 3,530
5 55230 658 ;572 3, 850
6 5,630 728 ;902 hs120
7 6,470 932 5,538 4,660
8 7,140 1,040 6,100 5,130
9 8,350 1,100 75250 6,100
10 10, 500 1,200 9,300 7,830
11 12,400 1,LL0 10,960 9,230
12 15,600 2,000 13,600 11,500
13 19,100 2,180 16,920 14,200
1k 21,500 2,380 19,120 16,100
15 21,000 2,800 21,200 17,900
16 25,600 2,660 22,940 19,300
17 2h,L00 2,800 21,600 18,200
18 23,100 2,800 20, 300 17,100
19 21,500 2,800 18,700 15,700
20 19,900 2,870 17,030 1, 300
21 18,700 2,870 15,830 13,300
22 17,600 2,800 1k, 800 12,400
23 16,600 2,800 13,800 11,600
2k 16,600 3,010 13,590 11,400
25 17,900 3,240 14,660 12, 300
26 19,100 3,400 15,700 13,200
27 17,200 3,550 13,650 11,500
28 16,600 3,550 13,050 11,000
29 17,200 3,480 13,720 11,600
30 18, 300 3,550 14,750 12,500
May 1 20, 700 3,550 175150 1l 150
2 21,500 3,550 17,950 15,120
3 21,500 3,630 17,870 15,050
N 23,900 ki, 280 19,620 16,520
5 35,300 5,710 29,590 2li, 900
6 59,900 6,940 52,960 Ly, 600
7 82,900 8,920 62,300

1o Ue 8. G. 8. records.
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TABLE Li-21 (Continued)

'SATNT JOHN RIVER AT RANKIN RAPIDS

.. FLOOD OF 1947
2 S . Dischar e in c. f. s.

Date s KT Yort Kent  : Fisn River N : Rankin
1947 : below Fish Ro1 : at'Fort Kent™ : Net :  Rapids
May 8 © 107,000 10,600 96,400 81,200
9 111,000 10,800 100,200 84,400
10 9k, 600 10,200 8li, oo 71,100
11 79,5500 - 9,840 69,660 58,600
12 71,200 9,660 61,540 51,800
13 775000 - 10,000 67,000 56,400
)Y 85,800 10,200 75,600 63,600
15 79,500 9,8h0._ - 69,660 58,600
16 69,800 9,470 60, 330 50,800
17 63, 500 9,100 5l 400 45,800
18 62,800 8,920 53,880 145, 300
19 . 6hL,800 - 8,920 55,880 L7,100
20 69,100 8,920 60,180 50,700
21 76,400 8,920 67,480 56,800
22 795500 8,920 70, 580 59,400
23 80,200 8,730 71,470 60,200
2l Ty, 900 8, 360 66,50 56,000
25 ' 66,900 74990 58,910 19,600
26 59,400 7,810 51,590 43,400
27 60,800 7,620 53,180 Lk, 800
28 55,600 7,hl0 48,160 140,600
29 h9,300 7,250 12,050 35,400
30 43,800 6,700 37,100 31,200
31 39,700 6,340 33,360 28,100
June 1 3k, 300 5,980 28,320 235900
2 29,400 ~ 5,630 23,770 20,000
3 26,600 5,280 - 21,320 18,000
4 2}, 000 4,930 19,070 16,100
5 20,800 - 44,580 16,220 13,700
6 20,600 L, 580 16,820 13,500
7 25,600 . h,320 21,280 17,900
8 26,600 U,160 22,10 19,000
9 23,100 3,890 19,210 16,200
10 23,100 3,720 19, 380 16,310
11 22,000 3,550 18,450 15,500
12 19,500 3,210 16,290 13,700
13 19,500 3,120 16, 380 13,800
1k 18,700 2,880 ° - 15,820 13,300

l. U. S Go Ss records.



TABLE 1i-21 (Continued)

SAINT JOHN RIVER AT RANKIN RAPIDS

FLOOD OF l9h7

Digcharge in G, fe. e

Date s AT Fort Kent . : Pish River Rankin
1947 : below Fish Ro* : at Fort Kent® : Net Rapids
June 15 1,19,900 3,120 - 16,780 14,100
16 30,400 3,300 27,100 22,800

17 32,800 . 3,210° 29,590 2k, 900

18 275500 3,210 2h,290 20,500

19 - 26,600 135300 23,300 19,600

20 29,800 ' 3,300 26, 500 22, 300

21 27,500 3,210 2h,290 20,500

22 23,100 3,040 20,060 16,900

23 19,100 3,040 - 16,060 13,500

24 16,600 2,880 13,720 11,600

25 15,200 2,720 12,480 10,500

26 13,900 2,490 11,410 9,610

27 - 13,000 2,340 10,660 8,980

28 ALh00 - 2,180 . 9,220 7 760

29 s o 1,960 0 5,180 li, 360

30 .6;250 .- 1,820 hsh30 3,730

L.

Ué So-j‘.C\‘p' Sp record'S'o ;

139



TABLE L=-22

SATNT JOHN RIVER AT RANKIN RAPIDS
OBSERVED STAGES AND COMPUTED RATES OF FLOW

T Water ~Discharge in c. T. 5.

: surfage : AG Fort :iish R, ¢ s
: elev.l ~ : Kent?.be- : at Fort :+ Rankin
Date 2 Pte MeSolo: low Fish B: Kent: : Net :+ Rapids
1951 _ .
- May 8 552. Ll 23,600 4,110 19,190 16,158
9 552, 52 22,900 4,190 18,710 15,75h
10 552, 39 22,100 - 3,950 18,150 15,282
11 552, 33 21,200 3,750 17,450 1h,693
12 552,19 19, 500 -3 510 _ 15,990 13,464
13 552,1h 19,L00 3,370 16,030 13,497
1 552.1 19,000 3,210 15,790 13,295
15 551.8 - 17,600 12,960 1L,640 12,327
16 551. 6 16, 500 2,780 13,720 11,552
17 551.6 17,100 2,620 1h,480 12,192
18 551, 6 16,700 2,470 14,230 11,982
19 551, 3 © 1b,100° 2,310 11,790 9,927
20 5512 12,200 2,190 10,010 8,428
21 550. 3 11,300. - 2,070 9,230 75772
Aug. 20 59,9 6,570 726 5,8l L,920
29 54L8. hly - hy220 86k 3,356 2,825
1952
June 10 552,99 27,900 3,480 2L, k20 20, 562
fug. L 547,36 1,590 - 287 1,303 1,097
| 5 sh7. b 1,590 291, 1,299 1,004
6 5h7.56 1,700 287 1,413 1,190
7 5h7.91 2,090 276 1,814 1,527
8 5h7.78 2,130 272 1,858 1,56k
9 - 5L7.63 1, 9h0 261 1, 679 1, bk
10 EN7.5h 1,770 253 1,517 1,277
1l 5L7:45 1,670 2L6 1,h2h 1,199
12 Su7.43 1,550 235 1,35 1,107
13 Bhi7.h1 1,510 225 1,285 1,082

1, U. S. Corps of Engineers temporary gage.
2 U, 8. G, 8. records,

-ko
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TABLE h-23

SATNT JOHN RIVER AT BIG RAPIDS, MAINE
COMPUTED MONTHLY AND ANNUAL DISCHARGE, IN Co F. S.
(Drainage area 2,419 square miles)

1 7 V 7 T T 7

Water ¢ - T _ T The

year ¢ Octe "'Nove ¢ Dec. ' Jan. ' Feb, ¥ Mar, | Apr. ' May ! June ! July ¢ Aug, ! Sept. ! year
1932 L,682 L,787 1,L3L 2,557 936 569 1h,989 12,721 3,099 b, 155 3,227 4,809 1,855
1933 2,588 5,284 1,657 1,070 522 375 T,L7h 25,660 3,938 2,547 835 817 L, 397
193L 1,787 1,647 skt ho8 - 120 113 18,6h2 16,534 3,781 2,184 1,621  .942 4,085
1935 1,967  L,677 3,578 1,155 616 751 8,793 12,39h 6,146 3,317 1,188 1,173 3,816
1936 1,075 1,077 1,236 701 Sh8 11,786 10,872 19,086 l,059 1,505 1,121 2,583 4,637
1937 L,088 . 3,679 1,2h5 3,15l 1,43 958 9,970 13,612 L6 1,090 3,816 2,733 h,220
1938 5,058 6,577 2,845 756 1,087 551 12,5h1 11,950 2,h02 3,509  Ly292 5,1kl L,7ok
1939 3,158 2,280 L,2h5 1,087 530 4o8 2,889 22,096 5,801 3,329 7,192 2,558 1,633
19k0 5,406 3,961 2,988 583 390 381 4,727 19,761 8,385 3,598 703 78L  L,306
19l 1,075 5,587 1,696 1,369 661 h37 15,316 6,531 2,875 3,922 827 1,085 3,698
1942 5,380 6,783 1,730 1,335 515 796 9,991 19,595 6,350 1,405 753 156 L,592
1943 1,534 1,946 675 368 271 hoo 2,707 2kl 6,611 2,235 2,0l 1,099 3,695
194l 4,618 8,108 99l Lot 267 2ho 1,573 15,151 2,766 2,063 1,558 1,128 3,217
1945 L,698 1,841 751 1,489 793 2,367 21,220 9,507 5,038 L, 029 1,065 2,938 k4,645
1946 h,262 2,35 1,211 826 721 2,377 11,L67 17,167 2,493 710 1,639 796 3,831
1947 L,265 L,027 1,680 959 1,670 1,298 6,L97 30,587 9,356  5,L00 2,31k 858 5,7L2
1948 775 543 559 320 220 602 11,611 16,182 2,708  1,L71 1,329 682 3,08l
19k9 2,736 3,599 2,823 1,048 679 918 13,457 8,230 3,150 1,370 872 1,702 3,382
1950 1,12L 2,192 2,102 2,32} 992 1,006 8,125 8,612 5.hak 2,47k 1,129 1,664 3,101
1951 1,787 7,335 9,287 1,167 1,370 1,29L 20,573 9,102 3,352 5,095 2,121 1,413 5,325
1952 1,65h 5,779 2,953 1,360 777 858 10,188 16,0L4 7,034  1,29h 1,106 566 h,13
1953 3,363 2,5h5 1,607 1,157 1,527 2,295 20,488 11,155 1,853 1,288 429 L69 1,016
1954 665  1,L96 2,793 792 708 1,781 14,633 13,652 7,691  L;989 5,776 6,879 5,130



TABLE L2l

SAINT JOHN RIVER AT BIG RAPIDS
OBSERVED STAGES AND COMPUTED RATES OF FLOW

RN 7T T T A S

: : o gt H tAlla- ¢

sWater :At Fort :Fish R.: : sgash R.2;

:surface :Kent zat ‘2 : - rat ¥ :

 relevift. tbelow . :Fort ¢ :Rankin :Alla~ -: :Big
Date :m.sS.1l. :Fish R, :Kent : Net :Rapids :gash. : Net :Rapids
1957
 0Octe

8 628.5. 2,380 193 2,187 1,841 371 1,470 1,266

9 628.6 2,230 193 2,037 1, 715 353 i, 362 1,173
10 628.7 2,130 193 1,937 1,631 353 1,278 1,100
11 628.6 2,040 186  1,85h 1,561 353 . 1,208 . 1,040
12 62845 1,960 176  1,78L 1,502 337 1,165 1,003
13 628.1L 1,950 170 1,780 1,499 321 1,178 1,01l
U 62843 1,790 163 1,627 1,370 315 1,055 908

15 628,3 1,730 160 1,570 1,322 0L 1,018 876
16 628.3 1,680 160 1,520 1,280 299 981 845
17 628, 3 1,630 160 1,470 1,238 299 939 808
18 628, 3 1,590 160 ‘1,430 21,20hL 299 905 779
19 . 628.4 1,640 170 1,470 1,238 331 907 = 781
21 630.1 . 3,410 207 3,203 2,697 623  2,07h 1,786
22 63003 4,930 20k L,726 3,979 52k 3,h55 2,975

23 630.1 L,810 200  h,610 3,882 L80 3,h02 2,929
2l 629.9 L, 340 207 4,133 3,480 509 2,971 2,558
25 630, 5 h, 850 275 . L,;575 3,852 791 3.061 2,636
26 631. Lt 7,600 267 75333 6,174 920 5,25h L,524
27 6317 9,160 255 8,905 7,498 9L 4,707 5,775
28 6311 7,800 255 7,545 6,353 706  5,6h7 - 1,862
29 630,2 6,580 251 6,329 5,329 672 L,657 L,010

0 629,8 5,640 255 5,385 ‘h,534 623 3,911 3,367
31 629.2 5,050 259 L,791 L,034 600 3,L3h 2,957

1 628.6 4,720 259 L,h61 3,756 576 3,180 2,738
3 630.7 Ly, 590 301 L,289 3,611 623 2,988 2,573
L 631.3 6,760 W3 6,317 5,319 1,680 3,639 3,133
5 63L1 11,000 cak 10,486 8,829 2,lk0 6,389 5,501
6  631.0 12,500 sh2 11,958 10,069 2,260 7,809 6,724
7 63.0 11,800 589 11,211 9,hh0 2,020 7,420 6,389
8 630.8 .10,L00 638 9,762 8,220 1,860 6,360 5,476

le U. S, Corps of Engineers temporary gage.
2. U, 8, G. S. provisional records
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TABLE Li~2}y (Continued)

SAINT JOHN RIVER AT BIG RAPIDS

~ OBSERVED. STAGES AND COMPUTED RATES OF FLOW

— Discharge in Co Fo So

:Alla-

:Water :At Fort —:Fish R.2; :gash R.%:
ssurface :Kent2 rat : :at : :
:elevi ft.:below  :Fort : :Rankin :Alla- :Big
Date m.8.1. :Figh R, iKent : et :Rapids :gash :+ Net :Rapids
1957
Nov. S
9 631,0 10, 700 889 9,811 8,261 2,380 5,881 5,06k
10 - 631U 13,700 973 12,727 10,716 3,020 7,696 6,626
12 631.5 13,100 1,090 12,010 10,112 2,220 7,892 6,795
13 631.6 11,h00 1,140 10,260 8,639 2,040 6,599 5,682
1’4 ‘63.1"7 10,300 1,170 9,130 73687 1,920 5:767 11-:965‘
15 631.8 9,840 1,280 8,560 7,207 1,930 5,277 L,543
16 63LT7 11,100 1,L50 9,650 8,125 2,470 5,655 L,869
18 6321 17,600 1,810 15,790 13,295 2,930 10,365 8,92l
2, 629.2 16,500 2,380  1h,120 11,889 2,770 9,119 7,851
25  628,2 14,300 2,270 12,030 10,129 2,550 7,579 6,526
1. Us S. Corps of Engineers temporary gage.
2, Us S. G S. provisional records.
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TABLE 425

SATINT JOHN RIVER AT LINCOLN SCHOOL, MAINE
COMPUTED MONTHLY AND ANNUAL DISCHARGE, IN C. F. S.

(Uncontrolled drainage ares 1,647 square miles)

- Water

] ) [ ] i [ 1 L w b i t 4 ¥ ' The:
year ! Oct, ! Nov. ! Dec, ! Jan. ! Feb. ! Mar, ' fpr. ¥ May ' June 3 July ! Aug, 1 Sept.? year.
1932 3,05 3,183 931 1,192 700 . 547 9,160. 8,03h. 2,290 2,619 1,7kl 3;63%6 3,088
1933 2,658 3,523 1,627 759, 526 387 L,647 13,762 3,396 1,941 St 488 2,857
193k 1,759  1,2Lh 707 362 291 308 9,961 9,805 3,331 2,36h 1,027 833 . 2,666
1935 1,386 2,696 2,51, 916 543 477 5,108 7,27k L,750 2,301 719 559 2,h37
1936 1,172 629 704 335 275 5,463 6,760 13,886 3,hh2 1,157 Soh 983 2,776
1937 2,122 2,186 1,153 1,600 1,023 oth  5,h13 9,964  3,L06 1,125 1,990 1,253 2,68l
1938 1,935 3,176 1,798 700 526 646 6,578 8,091 1,991 2,72k 1,859 3,312 2,778
1939 2,267 * 1,429 2,503 903 365 357 1,771 12,914 L,h39 . 3,121 h,238 1,572 2,990
Who - 3,074 3,099 1,932 57T 315 3®9 3,973 10,139 5,685 3,572 727 616 2,836
1941 L5 2,213 909 1,296 584 L68 Ts 23h hhoh 2,555 2,013 1, )-158 1,625 2,105
19h? - 2,106 3,542 1,390 680 hho 584 5,hh9 11,230 3,150 1,625 812 W39 2,621
1943 786 699 380 257 189 255 1,153 12,8k9 L,529 2,475 1,511 911 2,166
19kl 2,302 4,230 756 323 263 235 877 6,97k 1,779 1,387 1,067 1,697 1,82}
1945 2,857 1,279 729 801 55T 1,133 12,125 6,398 3,167 3,631 1,315 1,557 2,962
19L6 2,418 1,376 719 594 519 978 L,953 11,758 2,127 2,025  1,186. 70h 2,LL6
1947 1,430 1,763 1,195 601 1,120 1,062 h,197 16,638 6,054 2,330 2,231 747 3,281
1948 Lo 367 376 2h2 155 338 L,h19  9,bk8 2,102 1,95 1,16 468 1,788
1949 1,159 2,176 2,042 877 63k 97h 7,615 5,230 2,685 1,043 Lé1 582 2,126
1950 I 991 1,115 1,385 870 833 L,793 5,641 3,022 1,752 908 1,039 1,900 -
1951 871 3,528 6,048 1,l12 1,365 1,000 9,623 6,297 3,033 2,448 1,106 839 3,131
1952 729 2,854 1,892 868 647 562 L;997 10,795 L,715 1,395 533 338 2,527
1953 1,125 1,117 859 683 8ho 1,353 11,293 7,62k 1,708 - 876 310 377 2,3h7
195h 416 970 2,192 1,012 616 1,193 7,h7h 9,189 5,h05 - L,858 4,285 4,195 3,L8L




TABLE L-26

SAINT JOHN RIVER AT LINCOLN SCHOOL
OBSERVED STAGES AND COMPUTED RATES OF FLOW

Water : I scharge in c. f. 8o

surface :At Fort Kent : Fish R. :

-
.

: elev.l ft.: below : at Fort : : Lincoln

Date meS.l.  :Fish River® : Kent? : Net : School

1957

Octe 21 538.1 3,410 207 3,203 2,697
22 538.3 4,930 20l li,726 3,979

23 538.0  L,810 200 4,610 3,882

2L 537.8 I, 340 207 1,133 3,480

25 538.1 L, 850 275 h,575 3,852

26 538.h4 7,600 267 7333 6,17k

27 539.2 9,160 255 8,905 7,498

28 538, 6 7,800 255 7,545 6,353

29 538.4 6,580 251 6,329 55329

30 538. 2 5,6k40 255 5,385 )53k

31 538.0 ~.5’050 259 L, 791 4,03k

Nov. 1 537.8 1—1: 720 259 )-l: L6l 3,756
2 538.4 L,L70 263 4,207 3,542

3 539.2 4,590 301 4,289 3,611

L  B39.9 6,760 L3 6,317 5,319

l. U. S. Corps of Engineers temporary gage.
2¢ U, S, G. S. provisional records.
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" TABLE L-27
FRESH WATER SUPPLY FOR CONSTRUCTION AND OPERATION

: : Dralnage
Site : - Location : ¢ area _
s - : s in acres
Letite gates and ' Small pond near Mascarene, New ‘935
Letite lock : Brunswick, about 4 miles NE of
site
Deer gates Mill Creek, about 1/2 mile 1,01l
S N. of site on Deer Island
Deer gates ' Big Pond, about L miles 650
‘ N. of site on Deer Island
Campobello lock ; Small stream about 1% miles SW 160
of site on Campobello Island
Campobello lock - Small stream in marsh about 190
- 2% miles SW of site on
Campobello Island
Quoddy lock Small intermittent stream and 250
marsh area about 13 miles N.
of site on Campobello Island
Powerhouse and Boyden Lake through the 8,500
Dog lock Eastport Water Company
Digdeguaéh poﬁerhouse ~ Lily Lake about 2% miles SW of 550
and spillway site in WNew Brunswick., During
: construction period fresh
water can be obtained from the
-Digdeguash River
Calais powerhouse Flowed Land Ponds about 13 250
miles 8, of site,
Lincoln School powerhouse Adequate supply of fresh water -
and spillway available in Saint John River
Rankin Rapids powerhouse Adequate supply of fresh water -
and spillway available in Saint John River
Big Rapids powerhbuse Adeguate supply of fresh water -
and spillway available in Saint John River

The average fresh water yield per acre of drainage area is about
1250 gopeds (0,87 gopem.). This is based on a net annual runoff rate of
16.8 inches for a dry year and does not include storage losses of which
the principal loss would be. from seepage.

1l
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NS
Q

DRAINAGE AREAS /
AREA [N / SCALE IN MILES
0 8 10 20
LOCATION SQUARE MI. \// e —— ]
PASSAMAQUODDY BAY (UPPER POOL) 2,646 INTERNATIONAL JOINT COMMISSION
COBSCOOK BAY (LOWER POOL ) 407 PASSAMAQUODDY TIDAL POWER SURVEY
TOTAL (TIDAL PROJECT) 3,053 TiDAL POWER PROJECT

DRAINAGE AREA
International Passamagquoddy Engineering Boord

JULY 1959 Dwg. No. TG 7-085%
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International Passaomaquoddy Engineering Board
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INTERNATIONAL PASSAMAQUODDY
ENGINEERING BOARD

INVESTIGATION OF INTERNATIONAL
PASSAMAQUODDY TIDAL POWER PROJECT

APPENDIX 5

SELECTION OF PLAN OF DEVELOPMENT

5=~01 PURPOSE

This appendix deseribes the studies to déterm:l.ne the most
favorable plan for the development of tidal power in the inter-
national Passamaquoddy and Cobscook Bay area.

5~02 SCOPE

A large nmumber of potential project layouts were compared
to determine the one best suited for the site and the region.
This appendix describes possible methods of pool arrangement and
operation for power, the basis and eriteria of comparative
studies, comparisons of single~pool and two-pool plans leading
to a more detailed study of two=pool arrangements, comparative
layouts and estimates of the most significant two=-pool plans,
and the selection of the project layout for further detailed
study., A simple twoe=pool plan with a powerhouse located between
the high pool and the low pool was selected for design studies
and cost estimates, The high pool would be in Passamaquoddy Bay
and the low pool in Cobscook Bay. A map of the project vicinity
is shown on plate 5=1,

Studies of the selected plan produced more refined field
data and revised designs and estimates which were not available
in the comparative studies. However, no other arrangement of
the project would produce tidal power at a significantly lower
cost than with the plan selected for specific study. If the
tidal power project is authorized for comstruction, further
- study should be made of such other plans as discharging the
powerhouse outflow alternately to the ocean and the lower pool,
as well as design features such as the possible use of generating
units of the type planned for the Rance tidalapower project in
France,



5-03 POTENTTAL METHODS OF OPERATION

g8. General. There are a number of basic methods by
which hydroelectric power may be generated from pools filled or
enptied by ocean tides. Many of these, including plans for the
tidal power project at the Rance estuary in France, have been
covered in technical literature. The most important and
representative of the various methods of tidal power operation,
without regard to their suitability to the site or the region,
are shown on plates 5-2 and 5-3, ese plates show schematic ‘
layouts, pool and ocean elevations and operating periods for the
turbines and appurtenant gates together with typical power oute
put curves. These are shown for an 18.l-foct tide range, the
average in the Cobscock-Passamaquoddy Bay area. For the single-
pool power studies, the pool area has been assumed to be 142
square miles, which is the combined pool area for the selected
s:m:ple “two=pool plan to be described later.

be Single-Pool Projects.

(1) Single High Pool. As indicated in figure 1,
plate 5=2, the single high pool would be refilled during 'bhe
time that the ocean tide level is higher than the pool level,
Power would be generated during the periods when the ocean
level is lower than the pool lewvel by discharging water through
turbines from the pool to the ocean., The pool would be filled through
gates and possibly through turbine water passages. No power
would be generated during filling, nor would generation start
until some time after filling has been accomplished, This delay
in starting would be due to the need for a significant head for
generating power (assumed as 6 feet). The need for significant
head for power generation would also make it necessary to cease
generating some time before pool £illing is resumed. The dashed
lines (figure 1, plate 5-2) indicate pool elevations and power
outputs for a single high pool assunﬁ.ng the pool £illing to be
supplemented by pumping, Energy would be used by the tidal
project during this pumping cycles ‘but the .amount would be more
than offset by the increase in energy generation made possible.
Turbine~-generator sets which could alsc be operated as metor-pump
units would be used both for power generation and pumping. This
type of unit is discussed in appendix 8, "Tidal Power Flant,."
With or without pumping, power generat:.on would be intermittent
‘with one period of no generation during each 12.l2~hour tide
cycle. During the pumping cycle, power would be absorbed from
the system,
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(2) Single low Pool, The single=low-pool operation,
figure 2, plate 5=2, would be the same as described above for
a gingle high pool except that the flow would be reversed and
power would be generated by flow from the ocean to'the pool.
Except for a minor difference caused by reduction in pool area
at the reduced pool levels, energy outpul from a single low
pool would equal that from a single high pocl with equivalent
turbine and gate capacities, Pumping would be applicable to
this method of operation also. Power generation wouvld be
interrupted in each low tide period,

(3) Single Mean Pool, In this type of operation,
figure 3 plate 5=2, power would be generated by flow from the
ocean to 'bhe pool during periods of high ocean level, and then
by flow from the pool to the ocean during the following period
of low ocean level. Turbines which could generate power from
flow in either direction would be used to reduce the cost of
this method of tidal development., Comparing figure 3 for single
mean pool with either figure 2 (single low pool) or figure 1
(single high pool) all on plate 5-2, shows that the maximum
head for the single mean pool would be considerably less than
for the other single~pool operations. Peak output would be
reduced proportionately for like installations. Energy output
would not be reduced as much as peak output as the single-mean=-
pool method would permit generation durlng a greater part of
the tidal cycle,

(h) Single Mean Pool with Auxiliary Gates Added.
Ayxiliary gates when used with a single mean peol would provide
an increase in energy by increasing the rate of pool £illing
and emptying thereby increasing the average head on the turbines
during the following generating cycle (dashed line, figure 3,
plate 5=2), Studies indicated that best utilization of the
gates is obtained by opening them at about high tide and low
tide for the respective filling and emptying cycles. As
reversible turbines would be provided, this type of project
could also be operated as a single-high or single-low pool
when either is an advantage,

(5) Single Mean Pool with Auxiliary Gates and
Reversible Pump-furbines. As with a single-high or single-
low pool, an energy increase might be obtained by the use of
pumping just after gate closure. This type of operation is
shown on figure 1, plate 5-3, Pumping becomes more advantagecus
as tide ranges ine¢rease because the minimum head necessary for
generating, say 6 feet s would be secured with a shorter pumping
period which would both decrease pumping energy and increase
generating time,
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. '-Double' 'Sinﬁle«uPool Prgje'ct.

(1) With 8 Gommen Powerhouse. Part of the disadvantage
of a single=pool project lies in the time during each tide oycle
when the power plant camnot operate because of insufficient
head. This disadvantzge could be overcome in part by operating
a high pool and a separate low pool through a common powerhouse.
Such a project is diagrammed on figure 2, plate 5=3. As shown
on the diagram, gates would be provided between the powerhouse
and each pool to permit power generation by controlled flow
either from the upper pool to the ocean or from the ocean to
the lower pool. Separate gates also would be required for
£illing the high pool and emptying the low pool., In this type
of project, power interruptions would occur at times of change=-
over from one pool to the other. The interruptions would,
however, be shorter than with a single pool,

‘ (2) With Separate Powerhouses and Reversible Pumpe
Turbiness A possibility suggested by SOGREAH (DoCiete Grenoblois
D*ETudes et D'Applications Hydrauliques) of France during
‘discussions of the French bulb-type turbines was the use of a
single high pool and a separate but electrically intercommected
single low pools ' Pumping at either pool would be accomplished
using energy gernerated at the other, This arrangement would
permit continuous power generation. A powerhouse would be
required, however, at each pool,

de Two=oPool Projeets.

(1) Simple Two-Pool Project. A simple two-pool
project, indicated in figure 3, plate 5=3, would consist of a
high pool which would be filled throvgh gates when high tide
levels permit, and a low pool which would be emptied through
another set of gates when tide levels fall sufficiently low.
A powerhouse between the two pools would generate power con=
~ tinuously bub at varying rates. The filling gates and emptying
_gates . would be opened and- closed when the head on the gates is
nearly balanced; consequen'bly the gate hoists would thus use
rminimum powers

(2) Wi’oh Alternate Discharge to the Ocean, Powerhouse
flow for a simple Lwo=pool project tends Lo raise the level of
the lower pool and to lower that of the upper pool. Both trends
reduce the powerhouse head and consequently the energy developed,
Additional head and energy could be secured by reducing the period
during which the upper pool is drawn down or the lower pool is
raised, Thig could be accomplished in the lower pool by the
method shown on figure L, plate 5-3, Two sets of gates in the
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tailrace would be operated to direct the powerhouse outflow to
either the ocean or the lower pool. ' From the time the lower
pool emptying gates are opened, the project would operate as a
single~high-pool project with the powerhouse discharging directly
to the ocean until the minimum operating head is reached when
powerhouse disgharge would be redirected to the lower pool. The
two sets of tailrace gates would be in addition to the filling
gates and emptying gates,

5-0L - 1A RANCE PROJECT, FRANCE

Of the many sites studied for tidal power on the north
coast of France, such as Aber-Vrach, the Bay of Mont=Saint-Michel
and others, the most important is the Rance River estuary in
Brittany. To date, an access road, an office building, a concrete
laboratory and other buildings have been constructed, Con=
struction on the project proper has been deferred pending further
studies to reduce project cost,

-The project would use one pool, 8.5 square miles in area,

. to develop power from the tides which have an average range of

27:8 feet at the site., The project would be operated as a
single high, low, or mean pool as required to meet peak loads.
These various methods of operation are made possible by use of
a recently developed bulb=type power unit which can serve as a
turbine, a pump, and a conduit, with flow in either direction.
~ The axis of the turbine is horizontal and the water passages
on both sides of the turbine are parallel to the axis, A
smallediameter-generator is inclosed in a "bulb" immersed in
the water passage and in line with the turbine runner. Wicket
gates are used and the runner blades are adjustable as in a
Kaplan turbine., The turbines have a diameter of about 19 feet,
and rotate at 88.2 re.pe.m. The 32 generating units of the Rance
project, according to the most recent information, are rated at
9,000 kw. each and have a total capacity of 288,000 kw.
Sluiceways at one end of the powerhouse supplement the f£illing
and emptying cycle. The average annual generation of 627
million kw.=hr, would be fed into the French power grid. BEarlier
reports indicated that 38 units were considered at one time
and that the annual generation would be 800 milllon ko =hr,
from the 342,000 kw, of capacityo

The bulb=type turbines were congidered for the Pas=
rsamaquoddy site during the current survey and appeared about
equal in power output to the best of the conventional turbines,
They were not used in the powerhouse design, however, because
of their high cost, low rotative inertia, untried designg and
meager maintenance experience.
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5-05- POWER STUDIES

a. (eneral, Power determinations used in the general
arrangement studies were made both manually and by the use of a
high speed digital computers 'In both methods, sea water at
6l pounds per cubic foot was routed from the ocean and back
to the ocean through the project components, such as gates,
turbines, and pools. The manual method was uged for all single-
pool studies and for preliminary studies of two-pool plans
until a program for the computer was developed. -The computer
was programmed for simple two-pool plans only and was used to
determine precisely varistions in output between alternate
-plans, Since the computer was not programmed for alternate
discharge to the ocean, the manual method was used for those
studies, In the manual method, the power determinations were
made for a few representative tide ranges and extended to
cbtzin anmpal power production by use of tide range duration
curves. It was determined that, within the range of installed
copacities considered, power obtained from a mean tide range
of 18,1 feet approximates the mean power computed from all tide
ranges. Accordingly, most of the single~pool power determinations
were obtained from s routing for a single 18.1l-foot tide cycle.

The digital computer was programmed to determine pool
elevations, ocean elevation, turbine head, and power output for
the normal two=pool project at 1lS-minute routing intervals
using the predicted tidal curve for a pericd of one lunar
menthe The month selected (October 1937) has a predicted mean
tide range of 18,1 feet which i3 equal to the 19«year mean tide
range as determined from observations at the Eastport, Maine
tidal gauge. - The computer study was programmed to permit an
easy change of  such characteristics as pool capacities, discharge
characteristics and nurber of gates, and efficiency, discharge
and nunber of turbines and generators. This permitted accurate
determination of the output of any particular two-pool layout.

A detailed discussion of powsr computatibns is presented
in appendix 13, "Project Power,"

b, - Turbines.

(1) Single-Pool Projects. Turbines for the single-
high and single~low pool layouts, without pumping, could be of"
conventional design with flow through the powerhouse in one
direction only., The single-mean-pool project (also double
single-pool projects with a common powerhouse) would require
turbines with two=way flow capability. The only known large
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scale development where turbines with two-way flow are being
considered is the tidal power project which is planned in

the Rance River Estuary in Brittany, France. - Turbines developed
for this project would be of the horizontal-axis bulb type with
about 9,000 kw, rating as previously described, Rotative speed
is 88,2 r.p.m. and vheel diameter is about 19 feet, These
turbines have been designed for both pumping and power generation
with flow in either direction and may be used as orifices when
desired. Development of these turbines was under the auspices
of SCGREAH of Grenoble, France, SOGREAH was contacted early in
1957 to obtain characteristics of bulb~type turbines {(of 320-inch
diameter and L0 r.pem.) suitable for the Passamaquoddy tidal
power project, but data was not received in time for the general
single~pool power studies. Accordingly, the energy for single-
pool layouts was computed using preliminary Kaplan turbine
characteristics modified by judgment to account for the pumping
cycle and two-way flow, When limited data was recelved in

June 1958 from SOGREAR, it was reviewed to check the validity

of the computations already made on the basis of assumed
characteristics. It was found that the SOGREAH turbines would
generate gbout 10 percent nore energy than shown by the come-
putations using preliminary turbine characteristics. However,
later information on Kaplan and fixed-blade turbines also

showed a similar increase in energy over the computations based
on preliminary turbine characteristics. On this basis, the
computations based on the preliminary turbine characteristics
gave an accurate comparison of the types of projects studied.

- {2) Two=Pool Projects. Turbine characteristics
used for analysis of the two-pool projects presented in this
appendix were based on preliminary curves for fixed-blade,
rﬁropellermtype turbines of 320=-inch diameter, and turning at

0 Yepomm,

: Co Generators and Mbﬁors. In thé general arrangement
studies, generators and mctorugenerators were assumed of suf-
ficient capacity so that output of the. turbines or pump-turbines
would not be restricted by electrical limitations. Generator and
. motior efficiencies were assumed 46 be 97 percent for all
conditionso

de Lossese Hyﬁranlic 1osses depending on the layout
under considerat tion, would oeccur in the- gate channels and gate
structures and powerhouse approach and,tallrace channels, The
effects of these losses and powerhouse intake losses were
evaluated and included in the annual energy outputs of the
project considered. Losses due to leakage through the dams -
were not evaluated in the comparative studies,
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e. Single~Pool Power Evaluations, Energy ouiputs for
various types of single~pool projecis were computed, as previously
described, from the 18:1=foot mean tide ranges - The Kaplan
turbines were assumed to operate at maximum power at higher
heads, and with the combination of gate and blade angle producing
70 percent efficiency at lower heads,  Pumping efficiency was
assumed 70 percent for all heads for the studies involving this
feature, FPlate Sl shows the results of these studies and a
comparison of energy outputs for two=pool and single-pool
projegts having the same total pool area (based on Passamaquoddy
tides}. o - ' ' ' '

The comparison shows that a two~pool project with less
than 60 turbines would yield more energy than a single=pool
project with the same number of turbines., The reasons for this
can be illustrated by assuming only one turbine to be installed
for both a single=pool layout and a two~pool layout, During a
tide cycle, the turbine with the two=pool plan could operate
continuously at a head nearly equal to the full tide range
because the one turbine would not have sufficient discharge
capacity to change appreciably the level of either pool., The
one turbine operating at a single-high or low-pool project,
where the head would be from pool to ocean elevation, would
operate with a mean head of sbout one-half the tide range or a
half of that at the two=pool project.,. Energy output would be
decreased accordingly, Similar reasoning applies o the single=
nean~pool type project since the pool would be at about mean
sea level and the head would vary between the maximm prevailing
ab high or low tide and zero, In addition, power generation
would cease at any single=pool project some time during the
tide cycle because of insufficient head., In the above il=
lustrationy pumping would not change the picture materially since
the pumpling discharge capability of one pump=turbine could not
affect the pool elevations significantly. As the installed
capacity is increased, however, the energy per turbine for the
two=pool scheme would decrease at a faster rate than for the -
single=-pool schemes. This is true because additional turbine
discharge causes a greater reduction in turbine head in the two=
pool plan than in the single~pool projects since turbine discharge
not only lowers the high pool stage but raises the low pool
stage, With about 60 or more power units s more energy could be
secured with some sort of a single-pocl plan than with.a iwo=pool
plano .
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fo Two=Pool Power Evaluations. The power outputs for
the simple Two-pool plans specifically described in this report
(not including study 1=1,211, plate 5-1l) were determined by
electronic computer runs which included the essential characteristics
of the layouts such as the area-capacity curves of the pools
(given in appendix h,"Basic Hydrologic Datd'), the number and
varying discharge of gates, ahd the number of turbines to be
installed. The fixed=blade turbines were assumed to operate for
best efficiency at all heads, and the nunber in operation during
reap tides was reduced as necessary so that turbine head would
not become less than sbout 6 feet., The above described power
studies were preliminary, and were directed solely toward
determining the most suitable project arrangement, More
detailed power studies were made for the finally adopted project
layout, and these are described in appendix 13, "Project Power."
The two-pool power studies described above and others, both
manual, and machine, were reduced to the curve form shown on
plate 5-5 which was used to estimate power oubputs of other
layouts, This plate shows annual energy per turbine plotted
against pgross pool area per turbine for twoepool developments

. -for several ratios of the smaller pool area to the larger pool

area, .Gross pool area is the sum of both pool areas. Pool
areas are those at el, 46 and =6 mean sea level for the high
and low pools respectively., The energy output shown by the
curves was adjusted to reflect losses due to the chammels and
gates in the particular two=pool project layout,

506 COMPARISON OF SINGIE=POOL PROJEGTS WITH TWO=POOL PROJECTS

a, Amnual Energy per Unit of Capacity. It is apparent
from plate 5-% that a single-pool project at Passamaguoddy would
require more generabting units to produce the same amount of
energy as-a two=pool project with the same gross pool area,

-unless the installation is larger than about 60 units of the
assumed size, The relatively small yield of one-pool plans is
11lustrated fuither by the following comparisons:

(1) The Rance River tidal power project planned in
Brittany, France, when built may be operated as a single-mean~
pool project, or as a single-high or a single=low-pool project,
The installation will include 32=-9000 kw. bulb=type pump-
turbines and will generate 627 million kw.<hr, per year, This
amounts to 2,180 kw.=hr. per year per kilowatt of installed
capacity, including the advantage of pumping. This means that
each kilowatt of capacity will be used at an average of about
25 percent of its rating. For the 38-unit project with an 800
million kw.=hr. annual energy, the percentage would be 27 percent.,
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© energy,

While the project is said to be capable of operating at any
time during the tide cycle to meet peak loads, generation
will necessarily be stopped on each rising tide and falling
tide when the head is insufficient,

(2) In 1935=37, the U.S. Army Corps of Engineers
considered a single=high=pool tidal power project using
Cobscook Bay in Maine, with a total installed capacity of
150,000 kw, Average annual generation was estimated as
340 million kwe=hre, or 2,260 kw.~hr, per year per kilowatt of
capacity. Average utilization per installed kilowatt would be
about 26 percent. Operation would also be intermittent.

(3) The recommended two=pool project would generate
about 1,800 million kwe=hr, a year with 30 = 10,000 kilowatt
generators, The generation would be more than 8 5000 kwewhr,
per year per kilowatt of capacity. Average utilization per
installed kilowatt would be about 69 percent. Operation would,
in this case, be continuous, with some capacity available at all
timSo C

‘be Power Cost Comparisons The previously cited plate 5-l
shows that™a single-high-pool project with 50 power units and
100 filling gates, without pumping, would generate sbout 1,900
million kw.=hrs of energy per year or about as much as a 30-unit
two=pool project with an equal total pool area. The latter is
equivalent to the recommended plan which is desc¢ribed later in
this report. It would have 60 more gates, one more dam and one
more lock than the single=pool project, but 20 fewer power units.
The power units are a relatively large part of the cost, and
consequently the single=pool project would cost about $50 4000 ,000
more than the two~pool project, with a power cost 17 percent
greater than for the two=pool project, Other unfavorable
aspects of the single-pool project include intermitient generation,
and the 60 to 70 percent greater peak generation for the same
amount of energy. A further inecrease from 50 to 100 units for
the single=pool project would inerease annual energy by only
1,000 million kw.=hr, at a cost of about $215,000,000 not
including excavation and cofferdams. The cost of this added

n§0°215 per annual kilowatt-hour in powerhouse costs
alone, is excessive and illustrates the impracticability of
increasing the size of a single-pool Project, The possibility
of smaller single-pool projects using Passamaquoddy Bay alone,
or Cobscook Bay alone, was also examined. These would permit use
of Carryingplace Cove as the powerhouse site as in the recom=
mended plan, Comparative studies of two such single-pool plans
(Passamaquoddy Bay with 35 generating units and Cobscook Bay

5«10



with 6 or 15 units) showed that the cost of energy would be
gbout 17 percent more than for the recommended two-pool plan,
not taking into account the intermittent generation inherent
to a single=pool project.

co. Double Sj‘_n%lewPool Project with a Common Powerhouse,
The fact that a single=high=-pool project would generate about
half the time, as would a single~low-pool project, led to the
consideration of a combined single=high=pool project and singlee
low=pool project in which the same generating units would serve
both pools, This arrangement would mske it possible to use the
powerhouse most of the time -ard thus overcome one disadvantage
of single=pool operation. A preliminary power study indicated
that 30 generating units would produce 7 percent more energy
than the same number of units in a simple two~pool project
_using the same pools., This increase was not sufficient to
overcome the loss of nearly 100,000 kilowatts of dependable
capacity and the additional cost of construction and operation.
Inherent disadvantages would include the nsed for about 80
additional gates to permit comnecting the powerhouse to both
pools, increased complexity of operation, and probably a less
favorable powerhouse location. Loss of dependable capacity would
result because generation would be stopped twice during each
tide ¢ycle when operation would be changed from a high=pool to

a low=-pool method, and back again. These operations would
involve opening one set of gates, closing another and changing
the direction of flow through the turbines. The labtter would
involve stopping the turbines, and starting them turning in

the opposite direction, Site studies of this method of oéperstion
were not undertaken because of the unfavorable factors,

. do Two Single=Pool Proiects with Separate Powerhousese.

In this method of intercomnected single~poocl projects, described

in paragraph 5-03¢(2), the cost amd energy output would be sbout

the same as for two separate oné=pool projects. Although the

conbination could generate power contimuously, the average

~ energy output per turbine wouwld be relatively small as each
-plant would operate as a single=pool project, Site studies of

. this method of operation were not undertaken because the cost of
the tidal energy would be relatively great,

e., Conclusions. Fhysical characteristics of the tidal
power project, such as the low head available, necessitate the
handling of large volumes of water requiring costly turbines and
- gate structures., These characteristics make it unlikely that
the tidal power project could be developed to the stage where
the cost of tidal power would be substantially less than from
the cheapest alternate source., Thus the problem was reduced to
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determining the project layout that would produce the cheapest
power, Because the use of single=pool projects would, as
developed in the previous subparagraphs, (1) increase the cost
of power, (2) increase peak generation rates, and (3) generate
power intermittently, further consideration of single~pool
arrangements including refinement of power studies was abandoned
in favor of two-pool projects.

5=07 COMPARATIVE STUDIES OF TWO-POOL PROJECTS

a, (eneral. There are a number of possible sites and
arrangements of the several dams, the powerhouse, gates, and
locks which would be required for a two=pool tidal power
project. Comparative studies were made early in the investi-
gation to direct foundation exploration in the interests of
economy to those sites which could be shown to be most favorable
on the basis of the data available at the time and power studies.
It was Tound necessary to compare arrangements of the entire
project instead of separately comparing sites for each dam or
gstructurée, To compare varicus integrated plans and select one
for detailed study of dams, structures, power output and cost,
it was necessary. to use preliminary designs for project come
ponents, or designs taken from earlier studies of the tidal
project. Thus the comparative studies discussed in this appendix
are not based on the designg developed in the detailed study
and discussed in the other appendices of this report. Many
possible arrangements for a two-pool project were studied, all
of which can be placed in three groups depending upon whether
Passamaquoddy Bay would be the upper pool, the lower pool, or
divided between the two pools, Other basic variations ineclude
location of the tidal 'dams for the pool including Cobscock
Bay, and the possiblility of diverting the powerhouse outflow
direetly to the ocean, by-passing the lower pool during a part
of each tide cycle, fhe most economical arrangements developed
for each of the sbove variations in the initial phase of the
comparative studies are discussed and compared in subparagraph
de On the basis of these comparisons, two arrangements involving
Pas samaquoddy Bay as the upper pool (studies L-6.22 and 7B-7.22)
were modified and refined and the resulis reported as in studies
=6,33 and 7B=7.212, A new study was also made with Passamaquoddy
Bay in the lower pool (study 7B-7.512), This last series of
three studies differed from the initial phase in that variations
in the number of filling and emptying gates as well as in the
mmber of generating units were included, The discussion of the
final series of three studies is presented in subparagraph e,
Discussion of some of the factors which pertain to the development
of the project layout follows in subparagraph f.
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bes Basis of Comparison, The two=pool plans have been
compared on the basis of 2 ratio which is called, for this

‘report; the comparative index, This ratio is the total cost

of the major construction features of the tidal project
(comparative cost) divided by the average anmual energy which
could be generated by the project layout under consideration.

A small comparative index is favorable. In estimating the cosgts
of the various layouts, overhead, engineering and contingency
items usually regarded as being proportional to construction
costs were omitted. The use of only the average ammual energy
in the denominator of the ratio, comparative index, may seem

to imply that the index neglects capacity benefits entirely

and consequently that the index, while useful, does not take the
very important fastor, capacity, into account. However, average

-anmial energy represents comparative power benefits including

capaciby, because for a two=pool project, capacity benefits are

‘in about the same ratic to the total power benefits for any of

the layouts considered,

¢. Basig of Comparative Estimates.

(1) General, Since studies of various project
arrangements were necessarily made early in the survey
before new basic data was available, the considerable information
available from previous investigations of tidal power projects
in Passamaquoddy and Cobscook Bays was used including topographic
and hydrographic mapping, exploratory drilling, materials
investigations, and designs for various structures and dams., The
most complete data covered the sites for structures and dams in
the vicinity of Carryingplace Cove, Estes Head, Treat Island and
Lubec. Al other possible sites, the topographic, hydrographic
and geologic data avallable from various sources were sufficient
to support comparative estimates., The comparative egtimates
also showed which of the sites were suitable for additional
underwater mapping and foundation drilling. During the perloed
of underwater mapping and foundation exploration, comparative
studies were continued to permit timely selection of a specific
arrangement for which a detailed study and estimate could proceed,
Since subsequent mapping and foundation analysis disclosed
conditions broadly consistent with the comparative estimates,
revision of these estimates has not been justified., The new
data, however, have been incorporated in the design and final
estimate for the selected plan., The costs used in the comparative
studies were preliminary and used solely for selecting the most
suitable project arrangement. They are not the same as the
costs in appendix 17, "Estimates of Cost," which are the basis
for evaluating the economic justification of the tidal power
project,
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(2) Unit Prices. Unit prices were based on preliminary
estimates of construction costs in the Passamaquoddy Bay area,
using labor costs applicable in the United States., Unit prices
for various items were as shown in table 5-1. The same prices
were used in each of the comparative studies except that a
suitable method of handling and transporting excavated or borrowed
materials and the applicable price were selected in each case,
These were preliminary prices for comparative purposes and are
not the same as the prices developed in later detailed study and
shoun in appendix 17, "Estimates of Cost."

‘ (3) Dams, ‘In all compara'blve s‘hudies the dams were
rockfill with an earthfill blanket and riprap, A typical cross
section of the dams between the ocean and either pool is showm

on plate 5~6. The rockfill above el. =30 was assumed to be

- derrick stone of a size large enough to stand on a slope of 1
(vertical) om 1,75 (horizontal) when placed in the tidal currents
flowing over the partly completed fill. For dams between the
upper pool and the lower pocl, the cross section was assumed to
be similar except that, in place of derrick stone, random rockfill
with a2 10=foot facing of large durable rock would be uged above
ele =30, It was assumed that derrick stone, the durable facing
and all riprap for the dams and cofferdams would be cbtained

- from borrow. In compubing the volume of f£ill in the dams,
allowance was made for settlement or displacement of the foundation
materials on the basis of a preliminary evaluation of the

physical characteristics of the foundation sediments. -Such an
allowance was made for the following dams:

Estes Head to Treat Island and Dudley Island
Dudley Island to Lubec

Dudley Island to Campobelle Island

Ste. Andrews to Deer Igland

All cofferdams were assumed to be of the cross section
glso shown on plate 5-~6., These would consist of rockfill with
an earthf i1l blanket and riprap., The design of dams and coffer-
dams was later studied and revised for the detalled estimate of
the selected plan of development as showm in appendix 9, "Tidal
Dams and Cofferdams."

(4}) Navigation Locks, The navigati-on lccks were
assumed to be large enough 1o, pass current traffic with a moderate
increase in the maximum sizes of vessels, The clear dimensions
of locks in ‘Head Harbour Passage and Western Passage were assumed
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to be 415 feet by 60 feet with a depth of 21 feet at mean low
water, For smaller locks in Letite Passage and in Quoddy Roads
the clear dimensions are 95 feet by 25 feet with a depth of 10
feet at mean low water, For locks at Treat Island and St. Andrews,
the clear dimensions are 370 feet by 50 feet with a depth of 19
feet at mean low water., Where the elevation of bedrock at the
proposed site is high enough, the lock walls were assumed to

be of rock with an anchored lining of reinforced concrete,

At other sites, more expensive conerete walls of the gravity

type wers estimated, The design of the locks and the draft of

the smaller locks were later studied and revised for the detailed
estimate of the selected plan of development as shown in appendix
7, "Navigation Locks." Locks of the size built in the St. Lawrence
seaway could be provided in any of the arrangements shown, if
warranted by fubture traffic to Passamaquoddy Bay,

(5) Filling and Empbying Gates. Filling gates and
emptying gates were assumed to he the vertical-lift type set
in a submerged water passage of venturi shape, The comparative
estimates of quantities for a gate unit, ineluding operating
machinery and structures, were based on the drawings and estimate
sheets made in 1928 by Dexter P, Cooper, Inc. These gates,
30 x 30 feet in size, would be operated hydraulically by changing
the submergence of a counterweight, Either a double~type
setting (gates in pairs, one above another) or a single-type setting
was used in the comparative estimates depending upon topography,
hydrography, and foundation conditions at each site, Prior to
the final series of comparative studies, 180 gates were used
in all arrangements, In the final series the number of gates
was adjusted to approximaltely the most economic mumber for that
particular arrangement (160 gates in study I=6.33 and 130 gates
in studies 7B=T.212 and 7B=7.512)}, The double~type gate settings -
were not used in the final series of comparative studies because
preliminary design studies showed them to be considerably more
expensive than indicated by the 1928 information., In the layout
studies with the most favorable comparative indexes, physical
conditions at sites for gates were favorable for the single-type
setting. The design of the filling gates and the emptying
gates was later studied and revised for the detailed estimate of
the selected plan of development as shown in appendix 6, "Filling

and Emptylng Gates."

(6) Powerhouse, In the comparative estimates, the
powerhouse was estimated on the basis of layouts and quantity
estimates made by the Corps of Engineers, U,S. Army, in 1935 -
1936, The unit spacing was changed from 83 to 86 feet with
structural contraction joints between each unit. Turbines
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320 inches in diameter and revolving at LO r.p.m. were assumed,
Current estimated prices for generators, turbines and governors
were obtained from manufacturers. - The number of generating
units was varied., OSeveral of the arrangements reported herein
(including study L=6.33 in the final series) were compared
using 20, 25, and 30 generating units, Studies 7B~7.212 and 7B-~7.512
were compared using 15, 18, 20, 25 s -and 30 units, Forty-four
units were compared with 30 um.ts in the arrangement of study
1-1.211 and in several other arrangements. Some comparisons
using 35 units were made by interpolating the cost of the power
facilities. On the basis of these investigations, the nunmber

of units in each of the reported arrangements is approximately
the number for minimum cost of power, The headrace and tailrace
were designed for a maximum velocity of 3 feet per second with
the water surface at the minimum operating level, This welocity
was based on a preliminary economic analysis of power losses

and excavation costs, - The design of the powerhouse was later
studied and revised for the detailed estimate of the selected
plan of development as shown in appendix 8, "Tidal Power Plant
and Corrosion Prevention,®

(7) Remaining Construction Items, The only other
i‘bem of construction included 1n the comparative estimates
was the reloecation of the road and railroad to Eastport. This
in¢luded a bridge across the headrace for those arrangements
with a powerhouse at Carryingplace Cove., An allowance of
$1,000,000 for that item was made without an estimate of
quan'brb:r.es gince further refinement was unjustified at that stage
of the investigation. Costs for the switchyard, transmission
lines, service facilities, and land acquisition were not.
included because the proporiional cost of these would not vary
significantly between the plans considered,

(8) Use and Handling of Excavated Materials, It was
assumed that earth and rock from required excavations would be
suitable for use in dams and cofferdams except that derrick
gtone and riprap would be borrowed from quarries for large
durable stone., Rock required to be xemoved from cofferdams
was assumed to be available for reuse where no less expensive
alternative material would be available. Where required earth
‘excavation would be less and required rock excavation more than
needed for the assumed cross-section of the dams, substitution
of excess rock for earth in the blanket was allowed in quantities
up to one=half the volume of the blanket. The source, destination,
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and methods of handling and transporting all excavated material
were considerad in relation to cost, Excavabion was wasted
and replaced by borrow where this procedure would be less

‘ GOStlYo

cIndtial Phase of Gomparative Studies.

(1) Gemeral, The many comparative studies were
screened first by eliminating those which had a markedly higher
ratio of cost to power ou'bput. Of the remm1ng plans, each of
the five discussed below is the most favorable in one of several
categories, Thus the Pope Islet plan (study 1i<6,22) is the most
Favorable of those with Passamaquoddy Bay in the upper pool.
Study h=6.52 is the most favorable with Passamaquoddy Bay in
the lower pool. In the St. Andrews plan, Passamaquoddy Bay
would be divided belween the upper pool and the lower pool,
Treat Island Plan 1 would not include Friar Roads and Quoddy
Roads in the lower pool, thus substantially reducing the area
of the pool and the energy output. The £ifth plan would direct
the powerhouse dischatrge through tailrace gates alternately %o
the ocean and the lower pool, These five plans are described
in following paragraphs, Comparative data are shown in table 5-2,

(2) Study L=6,22 = Pope Islet Plan, The upper pool
in this arrangement would be in Passamaquoddy Bay and Waestern
Passage as shown on plate 5-7, The lower pool would be in
Cobscook Bay, part of Quoddy Roads, Friar Roads and part of Head
Barbour Passage. Fifty filling gates would be provided in Letite
Passage, and sixty at Deer Island Point to discharge into Wesitern
Passageo Seventy emptying gates would be at Head Harbour Passage
on an uwnderwater ridge between Pope Islet and Green Islet. The
.powerhouse would be at Carryingplace Cove off Moose Island,
Navigation locks would be provided at Head Harbour Passage,
‘Western Passage, Letite Passage and Quoddy Roads., This arrangement
would produce 1 850 million kwe~hr, per year with 30 generating
units. The compara'b:l.ve cost is $254,000,000, The comparative
index is $0,137. A major advantage’ of this plan is that all of
Pagsamaquoddy Bay and Western Passage would be in the upper pool.

- This would improve navigabion and harbor depths in both Canada

and the United States because the water surface in- the upper pool

- would vary only from about el. *3 mean sea level to sbout 1 foot

below present high tide. The controlling depth for navigation in
the St, Croix River to Calais and St. Stephen would be 22 feet at
mean low stage of the upper pool instead of the existing 7 feet
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at mean low tide. The utility of existing waterfront facilities
at Calais, St. Stephen and St. Andrews, would be enhanced by a
lesser tide range and generally higher water levels. Waterfront
facilities which may be built in the future would be less costly
to construct and operate because of the lesser tide range in both
pools. These benefits were not evaluated for the comparative
studies, A disadvantage of this plan is that existing piers and
wharves at Eastport and Lubec would be on the lower pool and
would be less desirable because the water surface would remain
below mean sea level at all times. This was not evaluated for
the comparative estimates either.

(3) Study L=6.52 = Passamaquoddy Bay in Lower Pool.
This arrangement, shown on plate 5-8 is similar to that of
study L=56,22 excep'b that Passamaquoddy Bsy would be ‘in the
lower pool and Cobscook Bay would be in the upper pool. This
arrangement would produce 1,970 million kw.<hrs per year with
30 generating units. The comparative cost is $259 500,000 and
the comparative index $0.132. The utility of ex:.st:mg piers
and wharves at Eastport and Lubec would be enhanced by the lesser
tide range and generally higher water surface of the upper pool.
Navigation to Calais and St. Stephen would be severely handicapped
because the water level in the St., Croix River would remain below
mean sea level at all times, Controlling navigation depths would
be about I feet at extreme low stage, about 9 feet at mean low
stage, and about 12 feet at average stage of the lower pool.

(4) Study 6A=2,613 « St. Andrews Plan, This arrange-
ment, shown on plate 5=9, would divide ‘Passamaquoddy Bay between
the upper pool and the lower pool with a dam extending fron
Ste Andrews to Deer Island., The part of the bay northeast of this
dam would be the lower pool with an area of 51.6 square miles
measurad at el, =6 mean sea level. The upper pool would include
the remainder of Passamaquoddy Bay, Western Passage, Friar Roads
and Cobscook Bay with a total area of 87.2 square miles at el, *
mean sea level, Dams at the south end of Indian Igland between
the upper pool and the ‘ocean were found to be more economical than
dams at Pope Islet in this case, This is explained by the fact
that the upper pool would be sufficiently large that extending the
pool to Pope Islet would not produce enough additional energy
'to justify the more costly location. For a similar reason, the
dam at Iubec Narrows, excluding Quoddy Roads from the upper pool
was found desirable., The powerhouse would be located on Navy

- Island near St, Andrews. One hundred filling gates would be
provided at Indian Island, Eighty emptying gates would be
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provided, 70 of which would be in Letite Passage and the
remalm.ng 10 in Iittle Letite Passage., Navigation locks would

be provided between Head Harbour Passage and Western Passage, in
Letite Passage, Lubec Narrows, and at Navy Island near St. Andrews,
This plan would produce 1,880 m::.llion kws=hr, per year with 30
units, The comparative cost is $255 ,800,000 and the comparative
index is $0.,136, This arrangement would produce 2 percent more
energy then that of study L=56,22 with a comparative index 0,7
percent lower, The western part of Passamaquoddy Bay, St. Andrews
Harbour . all of Western Passage, and the lower St. Croix River
“to Calais and St, Stephen would be included in the upper pool
with pool levels about the same as with study L=6,22, and in
addition, Cobscook Bay and the waterfront facilities at Eagtport
and part of Iubec would be in the upper pool., Those at St.

George would be in the lower pool, Foundation conditions along
the dam alignment extending across Passamaquoddy Bay from St
Andrews to Deer Island were being investigated at the time the
estimates given in table 5~2 were being prepared. On the basis

of visuval examination of the first cores showing that the under-
water foundation would be soft clay, an allowance was made for
foundation settlement as previously mentioned in paragraph
5=06c(3)s This settlement allowance is reflected in the estimate
in table 5=2 which shows a comparative index with an advantage

of $0.001, about 0,7 percemt, over study 4-6.22, As the
f’oundat:.on investigation progressed uging three drill holes

and observing the penetration of son:‘i.c fathometer waves into the
‘underwater sediment, it became evident that the layer of soft.
clay varied in depth from about 29 feet near St. Andrews to

about 62 feet under deeper water near Deer Island. Because
the extent and characteristics of this material raised doubt

that the settlement allowance was adequate, and because at best
the St. Andrews plan would offer no significant economic advantage
over study L6, 22, further foundation exploratlons and layout studies
of the St. Andrews plan were abandoned.

(5) Study 7B~7.22 = Treat Island Plan'l, The upper
pool would be Passamaquoddy Bay and Western Passage in this arrange-
ment (plate 5-10), The lower pool would be limited to Cobscook
Bay by dams at Treat Island and Dudley Island, Sixty £illing
gates would be provided in letite Passage and sixty at Deer Igland
Point to discharge into Western Passage. OSixty emptying gates
would be located at the entrance to Cobscook Bay (LO on the north
side of Treat Island and 20 on the south side). The powerhouse
would be at Carryingplace Cove off Moose Island, Navigation
locks would be provided at Western Passage, Letite Passage, and
at the entrance to Cobscook Bay. This arra.ngemen‘b would produce
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1,380 million kwe=hr. per year with 20 generating units. The
comparative cost is $177,500,000, and the comparative index

$0.129, This plan has the lowest comparative index of those

- studied in the initial phase and also has the advanbages of

study L=6.22 with respect to the location of the upper pool in
Passamaquoddy Bay and Western Passage. This plan was subsequently
improved by the inclusion of Quoddy Roads in the lower pool,
estimated with greater refinement and compared with the recormended
plan in the final series of comparative studies,

(6} Study 1-1,211 ~ Alternate Discharge to the Ocean.

This arrangemen®, shown on plate bwll, 1s of the Uype proposed
by Dexter P. Cqoper, Itc.gin 1928 for the internstional tidal
power project. It is basically similar to study 7B«T7.22 except
that provision is made for bypassing the lower pool by Giverting
the powerhouse outflow directly to the ocean during a part of
.the tide cycle. This required the location of the Western Passage
dam and f£illing gates at Johnson Cove on the east side of Moose
Island in line with the powerhouse in Carryingplace Cove, Thirty
tailrace gates would be provided at each side of the tailrace to
- direct the powerhouse flow alternately to the ocean and the
Jower pool. Of several plans in the initial series incorporabing
alternate discharge to the ocean, this plan has the lowest com
parative index. This arrangement with 30 generating units would
roduce 1,800 million kwe~hr. a year. The comparative cost is
252,300,000, and the comparative index $0,140. In comparison
with study 4<6.22, this arrangement has disadvantages in addition
to the greater comparative index and slightly smaller power
output. These disadvanbages arise from the need for directing
the entire powerhouse outflow alternately through one set of
tailrace gates to the ocean and through another get of tailrace
gates to the lower pool. This would entail operation of both
sets of tallrace gates twice during each tide cycle or about L
times a day, Closing the gates on the ocean side and opening
the other gates would require close coordination to control the
water surface in the tailrace at or slightly above tide level
while the gates to the lower pool are being opened., The use of
tailrace gates would inerease the project power consumption and
the cost for operabion and maintenance, neither of which are
accounted for in the comparative index. :

(7) “S_%m%. From the foregoing initial phase of
the comparative studies, studies L=6s22 and 7B=7.22 were selected
for refinement and included in the final series of comparative
studiess The new study numbers are h=6,33 and 78=7.212. Study
h=6.52 was not selected for further study because the disadvantages
in navigation depths would outweigh the L percent lower cost of
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poﬁer. However , investigation of the possible economic advantage
of using Passamaquoddy Bay in the lower pool was continued by
making study 7B=7.512 as the third study of the final series,
Study 6A=20613 was abandoned because of the poor underwater
foundations found to exist between St. Andrews and Deer Island.
Alternate discharge to the ocean wag abandoned because the
comparative indexes of study 1=1,211 and other studies incorporating
this feature were greater than that of the recommended plan, and
because increased operation and maintenance costs, not reflected
in the comparative index, would tend to further mcrease the
cost of power from this arrangement. :

e, Final Series of Comparative StudiesQ

(1) General, Study 4=6.33 (the recommended plan),
study 7B=7.212 and study 7B=7.512 are described and compared
below, The first two plans would use Cobscock Bay as part of
the lower pool; they differ principally in the location of
the dams for this pool. -In the recommended plan, the lower
pool would extend to dams at Pope Islet and Green Islet, In
the second plan the lower pool would be smaller, extending only
to a dam at Treat. and Dudley Islands. The third plan would be
the reverse of the second, in that Cobscock Bay would be in
the upper pool, and Passamaquoddy Bay in the lower pool.
Pertinent data on costs and power output of these three
arrangements are shown in table 5«3, ‘The results of studies
of the finsl series are comparable with each obther but not
exactly comparable with studies of the initial phase due to
advances in design and power studies, The designs and costs in
the final series of comparative studies were not the same as
those developed later for the detailed estimate of the selected
plan and shown in other appendi‘ces. :

(2) Study L~6,33 - Recommended Plan, Passamaquoddy
Bay and Western Passage are the upper pwo.l :Ln this arrangement
as shown on plate 5=12, -The lower pool would include Cobscook
Bay, part of Quoddy Roads, Friar Roads and part of Head Harbour
Passage to the dam between Green Isiet and Campobello Island.
Quoddy Roads was included in the. lower pool because this would
Teduce the comparative :x.ndex and ‘therefore the cost of power,
Forty filling gates would be- provided in Letite Passage, and
fifty at Deer Island Point . to discharge into Western Passage.
Seventy emptying ga‘bes would be: loeabed between Pope Islet
and Green Islet at Head Harbour'P ssage.  The powerhouse would
be located at Carryingplace Cove off Moose Island, Navigation
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locks would be provided at Head Harbour Passage, Western
Passage, Lebite Passage and Quoddy Roads. This arrangement
would produce 1,77h million kwe=hr. per year with 30 generating
units. The comparative cost is $213,000,000 and the comparative
index is $0.137. - . '

. . (3) Study 7B=7,212 - Treat Island Plan 2, Passamaquoddy
Bay and Western Passage would be the upper pool in this arrange-
ment also (plate 5-13)s The lower pool would include only
Cobscook Bay and part of Quoddy Roads., As in the recommended
plan, the inclusion of part of Quoddy Roads would be justified
by the value of the additional energy generated which would be
appreciably greater than the additional cost. Forty filling
gates would be provided in Letite Passage and forty at Deer
Island Point to discharge into Western Passage. Fifty emptying
~ gates would be located at the emtrance of Cobscook Bay (30 on
the north side of Treat Island and 20 on the south side). The
powerhouse would be located at Carryingplace Cove off Moose
Istand, Navigation locks would be provided at Western Passage,
 Letite Passage, Quoddy Roads and at the entrance to Cobscook
Bay, This arrangement would produce 1,320 million kwo=hr. per'
_ year with 20 generating units. ‘The comparative cost is $170,200,000
and the comparative index $0.129,

(h) Study 7B=7.512 = Treat Island Plan 3, This arrangee
mext shown on plate 5=14 is s ar to that of study 7B-7.212,
described above, except that Pagsamaquoddy Bay would be in the
lower pool and éobscook Bay would be in the upper pool, This
arrangement would produce 1.379 billion kilowatt=hours per
gea_r with 20 generating units., The comparative cost is
177,500,000 and the comparative index $0.12%

(5) Sumsary. The recommended plan, study L=6.33, would
produce 35 percent more energy than study 7B-7.212, bub at a
6 percent greater comparative index. - An appraisal of operating
~ and overhead costs, which are not included in the comparative
index, indicated that the cost of power in the recommended plan
would be only 0,15 mill per kilowatbt=hour grester. This increase
was considered justified., Study 7B=7.512, with Passamaquoddy
Bay in the lower pool, has the same comparative index as its
opposite, study 7B~7.212, but slightly more ensrgy. The rec-
commended plan is preferred over study 7B=7,512 for the same
reasons it is preferred over study 7B=7.212, In addition,
the recommended plan serves public inberest by making the larger
pool and the one serving the greater nunber of communities
(Passamaquoddy Bay) the upper pools
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o -Other Plans Considered.

(1) Gemeral, Comparative studies were made for about
100 separate arrangements. Sixty of these involved different
gites for some of the project features., The remainder were
similar t o other studies except in the number of generating
inits or the mumber of f£illing and emptying gates. The
studies included all reasonable sites for dams, about 20 sites
for £iI1ing gates or emptying gates, and about 8 sites for a
powerhouse., As these studies proceeded,it was possible by .
comparison to identify some factors and features which tended
to produce a favorable comparative index for those arrangements
in which they could be incorporated., Such features are
discussed below,

(2) Arrangements Suggested in 1952, The studies
included the.pri%gﬁpal features of the arrangements (Alternates
1 to 5) shown in the report "Details of Estimate of Cost-
Comprehensive Investigation = Passamaquoddy Tidal Power
Project - May 1952," Alternate 1 is the plan proposed by
Dexter P. Cooper in 1928, Foundation exploration subsequent
to the proposal of this plan‘'showed that the location in
- Alternate. 2 would be much more suitable with respect to the
elevation of bedrock foundations for the powerhouse and the

adjacent gates, Alternate 2, "Modified Cooper Plan" is

similar to study 1-1.211 (plate 5-1L) except in minor detail,

It was found that the space between Treat Island and Dudley
Island was too narrow for the total required capacity of
emptying gates, Extending the width of these gates into the
higher ground on the islands increased rock excavation which

was in excess of requirements for £ill material. It was found
more economical to divide the 60 emptying gates with 20 of them
between Treat and Dudley Islands and the remainder to be located
on a rocky shoal at the opposite end of Treat Island., Consequently
the location of the lock was shifted from Treat Island to Estes
Head to remove it from the vicinity of the emptying gates.
Alternates 3, L, and § each involve a powerhouse headrace channel
through Bar Harbor at the northwest side of Moose Island., This
was found Ho require more excavation than would be necessary for
the headrace in Carryingplace Cove unless Cobscook Bay were to
be the upper pool and the powerhouse were to be limited to 15
units or less. Although location of the headrace in Bar Harbor
would make possible a relatively economical dam across Western
Passage at Kendall Head, neither abutment of the dam affords

- an economical site for a substantial number of gates,
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(3) Head Harbour Passage Damse Alternate L
incorporates a dam across Head harbour Passage from Deer
Island to Pope Islet to Campobello Island.. The location of
this dam was modified to form the basis for the recommended
plan. The part of the dam from Pope Islet to Deer Island was
relocated to extend from Pope Islet to Indian Island and :
thence to Deer Island Point, This was found to be more economical -
because it permits the location of some of the filling gates on
Deer Island Point, thereby reducing the significant power losses
and larger excavation which would result if all the filling gates
were located at Letite Passage., - The remainder of the dam across
Head Harbowr Passage has been located at Green Islet instead of
Pope Islet because less £ill would be required and because the
relatively shallow area bétween Pope Islet and Green Islet could
be used for emptying gates., This site is relatively advaniageous
for gates for several reasons. The surface of bedrock is suitably
high at the gate structure except for a short distance; Pope Islet
and Green Islet constitute the gate abutments without the need
for retaining walls to confine the £ill in the adjacent dams;
excavation for. the chamnel would be moderate; and the edges of
the excavation are not located on steep slopes where a cofferdam would
be more costly, Several sites for dams abutting Indian Island
were studied in various arrangements. Although a dam from the south
end of Indian Island to Campobéllo Island would result in an arrange=-
ment costing about 5 percent less than the recommended plan, it
was found that this saving would be more than offset by the decrease
in power output due to 'the reduced pool area. " However, in an
arrangement dividing Passamaquoddy Bay between upper and lower
pools (as shown on plate. 5-9) it was found economical to use the
dam between Indian Island and Campobello Island, A major reason
for this difference lies in the relative areas of the pools, With
Pagsamaquoddy Bay divided between the upper and lower pools,
extension of the pool in Head Harbour Passage increases the' size
of the larger of the two pools, If Pagsamaquoddy Bay is not
divided, as in the recommended plan extension of the pool in
Head Harbour Passage increases the size of the smgller pool
- with consequently greater beneflt in the power outpube

() Western Passagé Dame The dam in Western Passage
at the tip of Deer Isiand Point was found to be relatively
economical, It would require less fill than any dam across
Western Passage except one at Kendall Head, and would be partially
founded on rock and partially on stable sedimen’os. In the recom=
mended arrangement, its location would permit locating 50 of the
90 £illing gates on Deer Island Point, discharging into Western
Passage, thereby reducing the hydraulic losses which would occur
. if the pool in Passamaquoddy Bay were filled only through Letite
Passage.
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. (5) Treatment in the letite Passage Area, A nunber

. of possible locations for the dam and gates in the letibe

Passage area were studied. The selected layout which has been
incorporated in all the plans described herein is based on the
combination of hydraulic efficiency and construction cost which
would provide power at minimum cost. The gates would be located
where the elevation of bedrock is suitable for structures and
where the channels would generally expand both upstream and down-~
stream of the gates and thus afford maximum hydraulic efficiency.
The deep channel adjacent to McMaster Island is very narrow and
thus makes possible a dam with a minimum volume of fill. ILittle
Letite Passage is not suited for installation.of gates because
its small discharge capacity would justify only a few gates, which
would be separated from the other gates.

(6) Powerhouse Sites. Powerhouse sites were considered
in Carryingplace Cove, Bar Harbor, on Deer Island Point, Indian
Island and Navy Island (St. Andrews Island)s The use- of most
of these sites is dependen'b upon the general arrangement of the
project and not suitable for separate discussion. In the recome
mended arrangement, however, the location of the powerhouse could
be shifted from Carryingplace Cove to Deer Island Point by
relocating the f£illing gates toward the base of the peninsula,
The dam between Indian Island and Deer Igland Point would also
be relocated with the abutment between the powerhouse and the
filling gates., Locating the powerhouse on Deer Island Point
would substantially inerease the volume of rock excavation and
the cost of cofferdams. It was found that these items would
hardly be offset by savings in haul distances and material
handling even with an optimistic design for the slopes of the
~cofferdams. The site for a powerhouse and headrace in Bar
Harbor has been briefly discussed in preceding subparagraph (2).

: (7) Alternate Discharge to the Ocean, The economy of
arranging the powerhouse to discharge alt.erna.tely to the ocean

and the lower pool was studied at sites in Carryingplace Cove

- (plate 5=1L), Bar Harbor, on Deer Island Point and Indian Island,
‘None of 'bhese arrangements had a comparative index as low as

that of the recommended plan,. ' When the powerhouse at Deer Island

Point was studied with alterna;be discharge to the ocean, the

tailrace gates were assumed to be located on Indian Tsland. The

area between Deer Island Point and Indian Island would be a basin

in the tailrace formed by dams at both sides with the water level

controlled by the tailrace gatess ‘These -dams would serve as

cofferdams for the basin side of the powerhouse and tailrace

. gates. Another plan, which was considered briefly after preparation
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of the estimates shown on tables 5-2 and 5=3, is similar to the
recommended plan except that both the powerhouse and the tailrace
‘gates needed for alternate discharge to the ocean would be

located on Deer Island Point. This plan would produce 5 percent
more energy than the recommended plan neglecting hydraulic losses
in the tailrace basin. Substantial losses appeared unavoidable,
however, because the narrow width' of Deer Island Point would make
it necessary to place the tailrace gates close and parallel to the
powerhouse, One set of talirace gates would be opposite units at
one end of the powerhouse, and the other set would be opposite

the other end of the powerhouse making necessary two sharp turns
in flow through the tailrace basin. The clear distance between
the powerhouse and the tailrace gate structures would be as little
as 700 feet at the south end and no more than 1,700 feet at the
north end (compared with the estimated 2580-foot powerhouse length)e
This arrangement was not developed in detail and estimated because,
on the basis of comparison with the recommended plan, it was
evident that the additional costs for excavation and cofferdams
plus the tailrace gates would not be justified by the increase

in energy, This was especially evident as cofferdam studies were
leading to the conclusion that the cofferdam design assumed at the
beginning of the comparative studies would be inadequate, particularly
for severe conditions like those at Deer Island Point.

(8) Quoddy Roads. The effect of including Quoddy
Roads in the pool area was studied in a number of arrangements:
study Li=6,33 (the recommended plan), study 6A=2,613, study 7B=7,22
and others. The studies involved comparing the cost of a dam in
Quoddy Roads at Duck Point with the cost of a dam at Lubec Narrows,
agsuming the difference in the cost of the small locks to be
negligible, The comparative costs for the dams were $2 »200,000
for Quoddy Roads and $600,000 for Lubec Narrows. Although the

dam at Quoddy Hoads is more costly, it would result in the
generation of more energy due to the increased area of the lower
pocls It was computed that the additional energy in kilowatt-
hours per year would be 31,000,000 in the recommended plan, and
10,000,000 in study 6A=2,613, This gave a comparative index for
the additional energy of $0,052 and $0.160 respectively. On this
basis, Quoddy Roads was included in the pool area for the recom=
mended plan but was excluded from study 6A=2.613. In study 7B=7.22
the incremental cost of the Quoddy Roads site including an
additional lock would be $2,300,000, the additional energy would
be 39 million kwo.=hr, per year and the incremental comparative
index $0.05% A hole was drilled at a site for a lock at Lubec
Narrows after the comparative studies were made., Drilling was
stopped at el. =72 withoult redching bedrock, At the recommended
lock site in Quoddy Roads, bedrock is exposed at the surface and

a drill hole indicated satisfactory subsurface conditions,
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5=08 CONCLUSION
The gtudies described in this appendix indicated that:

(a) A single-pool project would not. be suitable
for the proposed international Passamaquoddy
tidal power project because the cogt of power would be
higher than for a two-pool project, because generation
would be intermittent, and because, for an equivalent
amount of energy, peak generation rates would be
considerably greater.

(p) Two single-pool projects with separate power=
houses could generate continuously but the cost of
power would be higher than for a two-pool plan,

(¢) Two pools operated as a double single-pool project
with a common powerhcuse would not increase energy
output sufficiently compared with a simple two-pool
plan to offset the lack of dependable capacity and
the additional cost.

(d) Use of alternate discharge to the ocean with
a two-pool plan would increase the cost of tidal
power, and consequently was not adopted for the
purposes of this survey.

(e) Study h~6.33, the recommended plan, is the best
of the two-pool plans studied. This plan was ap~
proved for further study by both the United States
and Canadian Sections of the International Joint
Commission by letters dated 27 January 1958.
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TABLE Sel

UNIT PRICES USED FOR COMPARATIVE COSTS

DESCRIPTICN

EXCAVATION BY SHOVELS AND TRUCKS (BANK MEASURE)s¢

(Including cofferdam pumping and
3500<ft, delivery)

Earth Excavation
* Rock Excavation

FILL FROM BORROW BY SHOVELS AND TRUCKS (LOOSE MEASURE)*

' (.Including 3500-£t, delivery)

Earthfitl
Rocld’ill

TRANSPORTATION OF ABOVE (LOOSE MEASURE)%

By truck (earth or rock)

By dump scow {rock) including loading,
towing and dumping
To 1 mile
1 to 3 miles
-k to 8 miles
9 to 13 niles

DERRICK. STONE AND RIFRAP (LOOSE MEASURE)#-

(Including production, transportation,
and placemen‘b)

UNIT UNIT PRICES
Cl. Ydo $ 0065
Cle ydo 10h8
Clle -yd. 0063
cu. yde 97
yd—mile' 0.15
cu, yde 0029h
cu, yde 0.381
- Cle ¥yde . 00553
Cle ',Y'd. 0.726

Distance Unit : QLTruck

2 miles cu. yde $ 1.58
6 miles Cl, y'do 2,20
10 miles cu. yd. 2,82
1l miles cu. yd. 3.kl

By Scows and Lighters

$2.20
2,40
2,59
2.79

FOUNDATION CONCRETE (needed where surface of bed-

# In earth, bank measure = 1oose ‘measure

In rock, bank measure x l.5 = loose measure

529

rock is low for structures)
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TABLE 5«1 (Continued)

DESCRIPTION : | _ UNIT  UNIT PRICES

GATES, (30' x 30! VENTURI TYPE) INCLUDING STRUCTURES AND EQUIPMENT

Single Filling-Type
Single Emptying Type
Dovble Filling Type
Double Emptying Type
Conerete in Gate Abutments:
Gravity Type -
Semi~gravity Type
(Incl, reinforcement)

POWERHOUSE AND BQUIPMENT

Generator and Exciter
Fixed=-blade Turbine and Governor

- Cathodic Protection

Remaining Mech.=Elec. Equipment
Substructure « (Unit Bays) :
Superstructure = (Unit Bays)
Miscellaneous

TOTAL -~ POWERHOUSE AND EQUIPME‘.NT :

SERVICE BAY STRUCTURES

'LOCKS = STRUGTURE AND EQUIPMENT

structures were obtained are showm below:

Notes

per gate
per gate

~ per. pair
per pair

Clls yd.
cu. yde

per unit
per unit
per unit
per unit

. per unit

per unit

per unit

per unit

each

(Locks for moderabte increase in size of vessels)

115 x 60 x 21 £, {(gravity wall type)
370 x 50 x 19 ft. (lined rock walls)
95 x 25 x 10 ft, '(gra:vity wall type)

$ 148,300
162,000
2h7 hoo
253,900

26,00
38.00

$1.,000 ,000
1,250,000
*200,000
630,000
932,000
218,000

. 70 aQOO

$1 ,300 4,000
600,000

$6 ;108,000
2 182 ooo
9h2 000

Some typical unit prices from which the above costs of

Concrete, (not incls reinf.)
In Gate Structures
In Powerhouse Substructure
In Locks (gravity wall type)

Steel Reinforcement
Strustural Steel

‘Gates (incl., wheels bearings, e‘bc.)

per Cu. yd. $ 32.50
per cu., yd. 32,10
per cu. yde 2h,60
per 1b, 0e15
per lb. 0,30
per 1b, 0,50

A1l prices in comparative estimates are estimated combract
prices, i.e., without contingencies or Government costs,
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TABLE. 5-2

INITIAL COMPARATIVE STUDIES
- SUMMARY OF COSTS AND ENERGY

(in dollars per
annual kwe~hr, )

Study © hwBe22  LimB.52 - BA=2.613  TBeT.22  1-l.211%
Plate - 5=10 ell . 5-12 Sw13 S=ih
Paggamaquoddy Bay Level High Low Divided High High
Powerhouse location Carry-  Carry= . - Ste .. Carry=- Carry-

X _ingplace ingplace . Andrews ingplace ingplace
Nunber of turbines 30 30 30 20 30
Nurber, £i1ling gates 110 70 -+100 120 120
Number, emptying gates 70 110 80 60 60
Pool areas, square miles |

Upper 10045 50,7 87.2 - 100.5 99,0

- Lower . 390]4 9562 5106 2809 28_09

Ratio, smaller pool '
~ area to larger 0,392 04533 0,592 0,287 04292
Square miles per unit Los66 . L.B6 heo63 .. 6ul7 he26
Million kwe=hre/yr./unit  61.8 657 65.0 6940 6.5
‘Million kw.éhr./yr

‘Gross 1,850 1,970 1,950 1,380 1,850

Reduced for losses 1 850 1,970 - 1,880 1,380 1 800
Fill (millions cu. yds.) :

Dams SRR [ ¥ o) 3946 . 50,1 22,9 25.3

Cofferdams 1808 18.’4 1’4.0 1307 700
Costs in $1,000,000 :

“Excavation & f:l.]J. - 8l.9 87.3 - 96.4 . 55e3 7349

Locks ll-hl : :U-l»tl 603 90'2 903

Gates 26.8 2649 22,9 2h8 37.9

Powerhouse 13042 130,2 - 13042 8742 130.2

Relocatlons 1.0 - Xe0 0.0 1.0 1,0

Total.: comparative 25h.0;-_ 259.5 ,'- 255. : 17745 25243

. eost :

Comparative index $0.137 $0.132 30.135 $0.129

$0.1h0

# In this plan, the tailrace would discharge alternately to the ocean and

the lower pocl.
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~ TABIE 5=3

" FINAL COMPARATIVE STUDIES
SUMMARY OF COSTS AND ENERGY:

Study , L6433 o 7B=74212 7B=7.512

Plate " ‘ B=7 58 5=9
‘Pagsamaquoddy Bay lewel = High ' High Low
Powerhouse location -  Cerry= Carry= . Carry-
‘ - - ingplace = - ‘ingplace ‘ ingplace

Nunber of turbines 30 - 20 - 2
Nurber, filling gates 90 1 - 80 ‘ 50
Number , emptying gates 70 50 o 80
Pool areas, square miles I

Upper - . 1005 - 100,5 h2,0

Lower ’-l-loo ‘ 31,9 9’405‘

Total 1.5 132.h | 13645
Average Anmual Energy  Ll.77h 1,320 -~ 1.379

in billions of kwe=hr.

Costs in $1,000,000 - ‘

Locks : o 10,2 . 10,2 10.2
Gates 2heT7 19.8 20
Powerhouse 130,2 87.2 872
Relocations S P ¢ & - 1.0 ‘ 1.0
Total comparative cost 2L3,0 170.2 1775
Comparative index $0.137 < $0.29 $0.129

- (in dollars per
‘annual Kwe=hre )

Note: An appraisal of operating and. overhead costs, which are not included
in the comparative indexes above, indicated that the cost of power
in study L~6.33 (the recommended plan) would be.0,15.mill per .-
kilowatt-hour greatér than for study TB~T.212 due to greater output,
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